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What’s a common 


denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol. 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 





A powerful => 
case for 


®) 
lOPID = 
BID 


gemfibrozil ) sine 


Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL) 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 

patients with moderate to severe hyperlipidemia. 

Lovastatin achieved greater reductions in total serum 

cholesterol than gemfibrozil in this study population4 r 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type Ilb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References; 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. J Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Minster 
Trial. Zürich: Panscientia Verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, jaattels A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am J Cardiol. 
1988;62:35)-43}. 


Please see last page of this advertisement for warnings, 
contraindications, and brief summary of prescribing information. © 1989 Warner-Lambert Company 
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_ Study participants will provide further infor- 
mation on Cause-specific mortality and 
_ cancer morbidity. 


_ Lopid group (17 vs 11 subjects, a 54% ex- 
= Cess). This result did not differ statistically 


ng, please see full prescribing information. 


= Aussi follows. 


Lo Sp phlegm 1. Hepatic or severe renal dysfunction, including primary 
Tegel cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 
_ WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 


with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 


_ jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 


ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
A -onary heart disease were treated with clofibrate for five years and followed one year 


_ beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 


: _ treated than ina comparable placebo-treated control group. The excess mortality was 


due to a 33% increase in noncardiovascular causes, including malignancy, post- 


als cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
_ subjects for gallbladder disease was confirmed. 


During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
_ was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2 7%) in the placebo group. Mortality from any cause during the double-blind portion 


Bs: of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 


the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 


1 greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 


In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1V2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
Carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
_ from malignancies were not statistically 
_ different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 


2. A gallstone prevalence substudy of 450 

_ Helsinki Heart Study participants showed a 

_ trend toward a greater prevalence of gall- 
stones during the study within the Lopid 

py weaiment group (7.5% vs 4.9% for the place- 

_ bo group, a 55% excess for the gemfibrozil 

_ group). A trend toward a greater incidence 

_of gallbladder surgery was observed for the 


_ from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 


excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 


studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
~ demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 


-AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
55 -be discontinued. 


4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 


_ to maintain the prothrombin time at the desired level to prevent bleeding complications. 
_ Frequent prothrombin determinations are advisable until it has been definitely determined 


that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 


had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
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therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
_ alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
~ Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
_ myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 
6. Cataracts —Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 
PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
_ that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
‘hypothyroidism that are contributing to the lipid abnormalities. 
2. Continued Therapy — Periodic determination of serum lipids should be obtained, 


. and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 


3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 


~ gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
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tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 
_(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 


- COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 


THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 


| DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 


4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 


-_ dose male rats. The incidence of liver carcinomas increased also in low dose males, 






__ but this increase was not statistically significant (p=0.1). In high dose female rats, there 


‘was a significant increase in the combined incidence of benign, and malignant liver 
- neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses Meria were lanor than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function —Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebi al hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 
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Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were _ 


more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 
CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, f 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- - 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, ine 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 


CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- à a 


toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. — 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 1 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med — 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders a 
chylomicron metabolism. In Stanbury J. B. etal. (eds.): The Metabolic Basis of oie sae 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. . ap” 
Caution — Federal law prohibits dispensing without prescription. 
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CORONARY ARTERY DISEASE 


IE SSE SESE BEERS 9 ie Ie ey n 
Usefulness of the Dipyridamole-Doppler Test for 

of Coronary Artery Disease 
Luciano Agati, Luciano Arata, Carlo Peraldo Neja, Carla 
Manzara, Carlo lacoboni, Carmine D. Vizza, Maria Penco, 
Francesco Fedele, and Armando Dagianti 


To evaluate the ability of dipyridamole Doppler echocardiog- 
raphy in identifying patients with ischemic left ventricular dys- 
function, we performed 2-dimensional and Doppler echocar- 
diographic studies and a hemodynamic investigation during 
dipyridamole testing in 42 subjects: 13 control subjects (group 
I) and 29 patients with coronary artery disease (group II). By 
combining Doppler and 2-dimensional echocardiography, di- 
pyridamole-induced myocardial ischemia may be detected in a 
high percentage of CAD patients, providing a sensitive tool for 
identifying patients with high-risk coronary artery anatomy. 


835 

Percutaneous Transluminal Coronary 

After Non-Q-Wave Acute Myocardial Infarction 
Fernando Alfonso, Carlos Macaya, Andres Iñiguez, Camino 
Bafiuelos, Antonio Fernandez-Ortiz, and Pedro Zarco 


To assess the clinical and angiographic follow-up of 33 patients 
undergoing coronary angioplasty for ischemia after a non-Q- 
wave myocardial infarction, we followed a prospective protocol 
that included an angiographic evaluation even for asymptom- 
atic patients. Percutaneous transluminal coronary angioplasty 
in this clinical setting provides a favorable angiographic and 
clinical outcome. 
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Doppler Evaluation of Left 
Ventricular Diastolic Function After Percutaneous 
Transluminal for Unstable 
Angina Pectoris or Acute Myocardial Infarction 


Frank R. Snow, John Gorcsan, Ill, Stephen A. Lewis, 
Michael J. Cowley, George W. Vetrovec, and J.V. Nixon 


The effect of percutaneous transluminal coronary angioplasty 
on Doppler diastolic filling indexes was assessed in 42 patients 
presenting with either unstable angina (n = 22) or early isch- 
emia after acute myocardial infarction (n = 20). Greater im- 
provement in diastolic filling was observed with PTCA early 
after AMI (<14 days) compared with later revascularization. 
Therefore, PTCA in the setting of severe ischemia can signifi- 
cantly improve Doppler indexes of diastolic filling and may be 
most beneficial early after AMI. 
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Reperfused Coronary Arteries After Thrombolysis 
Albert C. van Rossum, Frans C. Visser, Machiel J. van Eenige, 
Michiel Sprenger, Jaap Valk, Freek W. A. Verheugt, and 

Jan P. Roos 


We used gadolinium-DTPA in magnetic resonance imaging of 
patients with an acute myocardial infarction after thromboly- 
sis. Gadolinium-DTPA enhances visualization of myocardial 
infarction on magnetic resonance images and its dynamics 
may be of potential value for assessment of reperfusion after 
thrombolysis. 


852 
Role of Two-Dimensional 


Ramesh C. Bansal, Alvin K. Eng, and Masahiro Shakudo 


Two-dimensional echocardiography, pulsed and continuous 
wave Doppler methods were used for evaluation of ventricular 
septal rupture due to acute myocardial infarction in 15 patients 
(7 anterior, 8 posterior). Complete Doppler and echocardio- 
graphic studies provided diagnostic information in 14 of 15 
patients; these studies allowed for evaluation of location of the 
defect, status of left and right ventricular function and degree 
of pulmonary hypertension. Data indicate that complete echo- 
cardiographic studies make left ventricular cineangiography 
unnecessary for the majority of patients with ventricular septal 
rupture. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


a AY ME E E NENA E ASA E IS al Ge eee 
Transmural Ventricular Activation During Consecutive 
Cycles of Sustained Ventricular Tachycardia 
Associated with Artery Disease 

Nancy A. Branyas, Michael E. Cain, James L. Cox, and 
Dennis M. Cassidy 


Using sock and needle electrodes, we simultaneously recorded 
bipolar electrograms from epicardial and transmural/transsep- 
tal sites in 10 patients during sustained monomorphic ventricu- 
lar tachycardia. Our results indicate that analysis of a single 
beat of VT is a reliable and expedient approach to delineate 
ventricular activation during intraoperative computerized 
mapping for the purpose of clinical decision-making in patients 
with sustained monomorphic VT. 
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Use of Intravenous Adenosine in Sinus Rhythm as a 


Diagnostic Test for Latent Preexcitation 
Clifford Garratt, Anna Antoniou, Michael Griffith, David E. 
Ward, and A. John Camm 


The ability of intravenous adenosine to unmask latent preexci- 
tation was evaluated in 22 patients with a history of document- 
ed supraventricular tachycardia and a normal electrocardio- 
gram during sinus rhythm, including 6 patients with latent 
preexcitation. Intravenous adenosine during sinus rhythm was 
capable of producing atrioventricular nodal conduction delay 
or block in 73% of the patients: in this group adenosine provid- 
ed a diagnostic test that was both 100% sensitive and 100% 
specific for latent preexcitation. 


SYSTEMIC HYPERTENSION 


874 A ee A Pes eS a 
Diversity of Patterns of Hypertrophy in Patients with 
Systemic Hypertension and Marked Left Ventricular 
Wall Thickening 

Jannet F. Lewis and Barry J. Maron 


In patients with systemic hypertension and marked left ventric- 
ular wall thickening, it may be difficult to ascertain whether 
the hypertrophy is solely a result of longstanding and severe 
elevation of blood pressure or, alternatively, due to coexistent 
hypertrophic cardiomyopathy. We studied 102 consecutive hy- 
pertensive patients with marked LV wall thickening, using 2- 
dimensional echocardiography to characterize patterns of LV 
hypertrophy. By selection, maximal wall thickness was >15 
mm in each patient. Most patients showed symmetric or con- 
centric hypertrophy, but 34% demonstrated LV asymmetry in 
which the distribution and extent of hypertrophy were often 
similar to that characteristic of hypertrophic cardiomyopathy. 


VALVULAR HEART DISEASE 


i ea ees eS Te a ie SE a a O 
Atrial Natriuretic Peptide and Vasopressin During 
Percutaneous Transvenous Mitral Valvuloplasty and 
Relation to Renin-Angiotensin-Aldosterone System 

and Renal Function 

Rong-Chi Tsai, Tohru Yamaji, Miyuki Ishibashi, Fumimaro 
Takaku, Morgan Fu, Wen-Jin Cherng, Kanji Inoue, and 
Jui-Sung Hung 


To study the relation between plasma atrial natriuretic peptide 
and cardiac pressure, and to assess the pathophysiologic signif- 
icance of ANP in water and electrolyte metabolism, we exam- 
ined the changes in plasma levels of ANP and arginine vaso- 
pressin in 11 patients with mitral stenosis who underwent per- 
cutaneous transvenous mitral valvuloplasty, and compared 
them with the changes in the renin-angiotensin-aldosterone 
system and renal function. Our results suggest that the cardiac 
atrium quickly responds to a reduction in atrial pressure to 
change its own ANP secretion, which directly or indirectly 
regulates water and sodium metabolism. 
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Frequency of Acute Myocardial Infarction in Valve 


Repairs Versus Valve Replacement for Pure Mitral 
Regurgitation 

Timothy P. Obarski, Floyd D. Loop, Delos M. Cosgrove, 
Bruce W. Lytle, and William J. Stewart 


Three hundred thirty-five consecutive isolated mitral valve op- 
erations for mitral regurgitation in patients with no significant 
coronary artery disease were reviewed over a 26-month period 
for the presence of a perioperative acute myocardial infarction. 
Of 224 patients undergoing mitral valve repair 12 (5.4%) had 
electrocardiographic and cardiac enzyme evidence of perioper- 
ative AMI develop and of 111 patients undergoing mitral valve 
replacement none had perioperative AMI develop. Changes in 
surgical technique may reduce or eliminate the incidence of 
AMI in mitral valve operations. 


CONGENITAL HEART DISEASE 


SOL CRS Ae Haake a Aa, RR 
Rapid Identification of the Course of Anomalous 
Coronary Arteries in Adults: The “Dot and Eye” 
Method 


Harvey Serota, Charles W. Barth, Ill, Carlos A. Seuc, 
Michel Vandormael, Frank Aguirre, and Morton J. Kern 


Twenty-one adults who had anomalous origin of coronary 
arteries without other evidence of congenital heart disease 
were reviewed. Using an anatomically correct model of the 
heart, solder wire was placed in the pathologically described 
anomalous positions and radiographed. With this model the 
pathologically described courses could be easily recognized and 
separated radiographically; these courses were confirmed in 
the operating room in 2 patients and a rare anomaly of posteri- 
or origin of a coronary artery was also confirmed by autopsy. 


MISCELLANEOUS 


899 BSE SR ene Se Gere A 

Doppler Echocardiographic Evaluation of Left 
Ventricular Diastolic Function in Adolescents with 
Diabetes Mellitus 

Thomas W. Riggs and David Transue 


Doppler echocardiograms of the mitral valve were recorded 
along with the electrocardiogram and respirations from 20 dia- 
betic patients and 16 normal subjects, all aged 10 to 15 years. 
Each of the following was significantly greater for the normals 
than for the diabetic patients: peak E (96 + 14 vs 81 + 14 cm/ 
s, p <0.005), E/total area (0.74 + 0.04 vs 0.69 + 0.06, p 
<0.005) and peak E/A velocity ratio (2.38 + 0.55 vs 1.92 + 
0.55, p <0.05). The mean heart rates and ages were not signifi- 
cantly different for the 2 groups. This study is the first to 
demonstrate diastolic dysfunction in pediatric patients with di- 
abetes and may indicate abnormalities of ventricular relaxa 

tion or compliance in diabetes mellitus. ; 
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903 
Prognostic Guides in Patients with Idiopathic or 
Ischemic Dilated Cardiomyopathy Assessed for Cardiac 


Transplantation 
Anne Keogh, David Baron, and John Hickie 


To identify prognostic markers in patients with end-stage dilat- 
ed cardiomyopathy of mixed etiology presenting for assess- 
ment for cardiac transplantation, 232 patients were investi- 
gated and followed up (mean 10 + 12 months). On Cox multi- 
variate regression analysis, 3 parameters predicted survival: 
New York Heart Association symptom class, pulmonary capil- 
lary wedge pressure and plasma atrial natriuretic factor. On 
testing of actuarial survival curves, plasma noradrenaline also 
predicted survival as did radionuclide-determined left ventricu- 
lar ejection fraction <20% and presence of 24 beats of ventric- 
ular tachycardia on Holter monitoring. Attention should be 
paid to plasma noradrenaline and atrial natriuretic factor lev- 
els in the context of cardiac transplant assessment. 


SE MS ad a ee ae a E a a 
Effects of Caffeine on Blood Pressure Response During 
Exercise in Normotensive Healthy Young Men 

Bong Hee Sung, William R. Lovallo, Gwendolyn A. Pincomb, 
and Michael F. Wilson 


The combined effects of caffeine and exercise on the cardiovas- 
cular system were examined in 34 normotensive young men 
(mean age 27 + 3 years). Each subject performed submaximal 
and symptom-limited maximal supine bicycle exercise 1 hour 
apart after ingestion of placebo or caffeine (3.3 mg/kg). Data 
indicate that caffeine increases blood pressure additively dur- 
ing submaximal exercise and may cause excessive BP re- 
sponses at maximal exercise in some individuals; the pressor 
effects of caffeine appear to be due to increasing vascular resis- 
tance rather than cardiac output. 


EDITORIAL 


914 
A Plea for a Clinical Trial of Anticoagulation 
in Dilated Cardiomyopathy 

Rodney H. Falk 





BRIEF REPORTS 


916 "Suh: ROS aR TSR SE EO E SEEE SE 
Variation in the Reflotron® Method of Cholesterol 
Measurement 


R. Craig Lefebvre, Paul Gubata, Ann Ronan, and 
Richard A. Carleton 


918 
Angiographic Evaluation of Vasomotor Properties 
of Internal Mammary Arteries Before and After 
1 Grafting in Men 
Claude Hanet, William Wijns, Patrick Decoster, 
Hubert Pouleur, Robert Dion, and Michel F. Rousseau 


OAPs Et ee ee 
Prevalence of Anticardiolipin Antibodies in Coronary 
Artery Disease 

Raffaele De Caterina, Anna d’Ascanio, Annamaria Mazzone, 
Paolo Gazzetti, Walter Bernini, Rossella Neri, and 

Stefano Bombardieri 


924 PEEP ea ee ee RI ee I A 
Acute Intervention During Myocardial Infarction in 
Patients with Prior Coronary Bypass Surgery 


Kevin M. Kavanaugh and Eric J. Topol 


I at EE E O SS ES e 
Effects of Verapamil on the Anaerobic Threshold and 
Peak Oxygen Consumption in Effort Angina Pectoris 
Andrew Thomson and David T. Kelly 


929 Ee See eS a ee SS 
Increase of Plasma Beta Endorphins in Vasodepressor 
Syncope 

Gian Piero Perna, Umberto Ficola, Mauro Pellegrino 
Salvatori, Mario Stanislao, Carlo Vigna, Alessandro Villella, 
Aldo Russo, Raffaele Fanelli, Pier Giuseppe Paleani Vettori, 
and Francesco Loperfido 


930 ora bed eet. at! Se PRE a ee Se a 
Paradoxical Increase in Heart Rate Before Conversion 
to Sinus Rhythm in Patients with Recent-Onset 

Atrial Fibrillation 

Anne A. Knowlton and Rodney H. Falk 


932 

Efficacy and Safety of ACC-9358, a New 
Antiarrhythmic Agent 

Steven N. Singh, Margaret Shand, Liping Feng, Yiwang Chen, 
Raymond L. Woosley, and Ross D. Fletcher 


935 PEN Re ite SECT Ee oa eh eee 
Clinical, Echocardiographic, Continuous Wave and 
Color Doppler Evaluation of Bioprosthetic Cardiac 


Valves in Place for More Than Ten Years 

William S. Weintraub, Stephen D. Clements, 

Edward R. Dorney, Victor E. Corrigan, Caryn L. Cohen, 
William G. Hendren, John V. Perkins, Ellis L. Jones, 
and Joseph M. Craver 


937 Ea ARE BE TGS EI ee OS E 
Incidence, Description and Functional Assessment of 
Isolated Quadricuspid Aortic Valves 

Barry J. Feldman, Bijoy K. Khandheria, Carole A. Warnes, 
James B. Seward, Catherine L. Taylor, and A. Jamil Tajik 


939 
Atrioventricular Septal Defect and Ebstein’s 
Malformation 


Kyu-OK Choe, Michael E. McConnell, Juan Mesa, and 
Benigno Soto 
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In TON Sam eee ys eT 949 i iE A O 
Esmolol as an Adjunct in the Treatment of Systemic Rapid Method to Determine the Electrocardiographic _ 
Hypertension After Operative Repair of Coarctation of Frontal Plane Axis 

the Aorta Marc D. Meissner, A-Hamid Hakki, and 

Robert N. Vincent, Lorie A. Click, Henry M. Wiliams, Abdulmassih S. Iskandrian 

William H. Plauth, and Willis H. Williams Fei | greta 4 $ 


Effects of Altered Cardiac Ventricul Che iber Size Effect of Sampling Site on Doppler-Derived Right 

on the Electrocardiogram and Position of the Heart Ventricular Systolic Time Intervals 

Edward A. Ross, William F. Graettinger, J. Edwin Atwood, Elizabeth M. Shaffer, A. Rebecca Snider, Gerald A. Serwer, 
Jonathan Myers, Patrick A.X. Hall, and Victor F. Froelicher Bam, Peters, and Patricia A. Reynolds 


S PE - ORUA ee 
946 ep pare Ne cal e PIN eR eae 
False-Positive Treadmill Exercise Tests due to INSTRUCTIONS TO AUTHORS on page A67 
Signal Averaging Tee telat ha 
John A. Milliken, Hosiar Abdollah, and Gary w. Burggrat $ _ CLASSIFIED ADVERTISING on pages ASS, A59, A70 
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BALANCED CARDIODYNAMICS 
ARE WHAT MAKE CARDIZEM 


TABLETS 


diltiazem HCI/Marion 


CARDIZEM" (diltiazem HCI) is indicated in the treatment of angina 
pectoris due to coronary artery spasm and in the management of 
Please see brief summary chronic stable angina (classic effort-associated angina) in patients who 
of prescribing information cannot tolerate therapy with beta-blockers and/or nitrates or who remain 
annert naqe symptomatic despite adequate doses of these agents 








Usual maintenance dosage: 
180 to 360 mg/day 


CARDIZEM wo: 


diltiazem HC!l/Marion 
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MAKING THE DIFFERENCE IN ANGINA 


BRIEF SUMMARY 


CARDIZEM® 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (2) patients with second- or third-degree AV block 
except in the presence of a functioning ventricular pacemaker. 
(3) patients with hypotension (less than 90 mm Hg systolic), 
(4) patients who have demonstrated hypersensitivity to the 
drug, and (5) patients with acute myocardial infarction and 
pulmonary congestion documented by x-ray on admission 


WARNINGS 

|. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node 
recovery time, except in patients with sick sinus syndrome 
This effect may rarely result in abnormally slow heart rates 
(particularly in patients with sick sinus syndrome) or sec- 
ond- or third-degree AV block (six of 1,243 patients for 
0 48%). Concomitant use of diltiazem with beta-blockers 
or digitalis may result in additive effects on cardiac con- 
duction. A patient with Prinzmetal's angina developed 
periods of asystole (2 to 5 seconds) after a single dose of 
60 mg of diltiazem 

2. Congestive Heart Failure. Although diltiazem has a neg- 
ative inotropic effect in isolated animal tissue preparations, 
hemodynamic studies in humans with normal ventricular 
function have not shown a reduction in cardiac index nor 
consistent negative effects on contractility (dp/dt). Experi- 
ence with the use of CARDIZEM alone or in combination 
with beta-blockers in patients with impaired ventricular 
function is very limited. Caution should be exercised when 
using the drug in such patients 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in symp- 
tomatic hypotension 

4. Acute Hepatic Injury. In rare instances, significant eleva- 
tions in enzymes such as alkaline phosphatase, LDH, 
SGOT, SGPT, and other phenomena consistent with acute 
hepatic injury have been noted. These reactions have been 
reversible upon discontinuation of drug therapy. The rela- 
tionship to CARDIZEM is uncertain in most cases, but 
probable in some. (See PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is exten- 
sively metabolized by the liver and excreted by the kidneys and 
in bile. As with any drug given over prolonged periods, labora- 
tory parameters should be monitored at regular intervals. The 
drug should be used with caution in patients with impaired 
renal or hepatic function. In subacute and chronic dog and rat 
Sfudies designed to produce toxicity, high doses of diltiazem 
were associated with hepatic damage. In special subacute 
hepatic studies, oral doses of 125 mg/kg and higher in rats 
were associated with histological changes in the liver which 
were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with contin- 
ued dosing. 

Dermatological events (see ADVERSE REACTIONS section) 
may be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema 
multiforme and/or exfoliative dermatitis have also been infre- 
quently reported. Should a dermatologic reaction persist, the 
drug should be discontinued 
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Drug Interaction. Due to the potential for additive effects, 


caution and careful titration are warranted in patients receiving 
CARDIZEM concomitantly with any agents known to affect 
cardiac contractility and/or conduction. (See WARNINGS. ) 


Pharmacologic studies indicate that there may be additive 


effects in prolonging AV conduction when using beta-blockers 
or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 


As with all drugs, care should be exercised when treating 


patients with multiple medications. CARDIZEM undergoes bio- 
transformation by cytochrome P-450 mixed function oxidase 

Coadministration of CARDIZEM with other agents which follow 
the same route of biotransformation may result in the competi- 
tive inhibition of metabolism. Dosages of similarly metabo- 
lized drugs, particularly those of low therapeutic ratio or in 
patients with renal and/or hepatic impairment, may require 
adjustment when starting or stopping concomitantly adminis- 
tered CARDIZEM to maintain optimum therapeutic blood 
levels 


Beta-blockers: Controlled and uncontrolled domestic stud- 


ies suggest that concomitant use of CARDIZEM and beta- 
blockers or digitalis is usually well tolerated. Available data are 
not sufficient, however, to predict the effects of concomitant 
treatment, particularly in patients with left ventricular dysfunc- 
tion or cardiac conduction abnormalities 


Administration of CARDIZEM (diltiazem hydrochloride) 


concomitantly with propranolol in five normal volunteers re- 
sulted in increased propranolol levels in all subjects and bio- 
availability of propranolol was increased approximately 50% 
If combination therapy ıs initiated or withdrawn in conjunction 
with propranolol, an adjustment in the propranolol dose may 
be warranted. (See WARNINGS. ) 


Cimetidine: A study in six healthy volunteers has shown a 


significant increase in peak diltiazem plasma levels (58%) 
and area-under-the-curve (53%) after a 1-week course of 
cimetidine at 1,200 mg per day and diltiazem 60 mg per day 
Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by cimetidine’s known inhibition of 
hepatic cytochrome P-450, the enzyme system probably re- 
sponsible for the first-pass metabolism of diltiazem. Patients 
Currently receiving diltiazem therapy should be carefully mon- 
itored for a change in pharmacological effect when initiating 
and discontinuing therapy with cimetidine. An adjustment in 
the diltiazem dose may be warranted 


Digitalis: Administration of CARDIZEM with digoxin in 24 


healthy male subjects increased plasma digoxin concentra- 
tions approximately 20%. Another investigator found no in- 
crease in digoxin levels in 12 patients with coronary artery 
disease. Since there have been conflicting results regarding 
the effect of digoxin levels, it is recommended that digoxin 
levels be monitored when initiating, adjusting, and discontin- 
uing CARDIZEM therapy to avoid possible over- or under- 
digitalization. (See WARNINGS. ) 


Anesthetics: The depression of cardiac contractility, con- 


ductivity, and automaticity as well as the vascular dilation 
associated with anesthetics may be potentiated by calcium 
channel blockers. When used concomitantly, anesthetics and 
calcium blockers should be titrated carefully. 


Carcinogenesis, Mutagenesis, Impairment of Fertility. A 


24-month study in rats and a 21 -month study in mice showed 
no evidence of carcinogenicity. There was also no mutagenic 
response in in vitro bacterial tests. No intrinsic effect on fertility 
was observed in rats 


Pregnancy. Category C. Reproduction studies have been 


conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) than 
the daily recommended therapeutic dose has resulted in 


embryo and fetal lethality. These doses, in some studies, have 
been reported to cause skeletal abnormalities. In the perinatal/ 
postnatal studies, there was some reduction in early individual 
pup weights and survival rates. There was an increased inci- 
dence of stillbirths at doses of 20 times the human dose or 
greater 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the poten- 
tial benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have not 
been established 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried 
out to date, but it should be recognized that patients with 
impaired ventricular function and cardiac conduction abnor- 
malities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of ad- 
verse reactions reported during CARDIZEM therapy was not 
greater than that reported during placebo therapy 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, the 
relationship to CARDIZEM has not been established. The most 
common occurrences as well as their frequency of presento- 
tion are: edema (2.4%), headache (2. 1%), nausea (1.9%), 
dizziness (1.5%), rash (1.3%), asthenia (1.2%). In addi- 
tion, the following events were reported infrequently (less than 
1%) 

Cardiovascular: Angina, arrhythmia, AV block (first de- 
gree), AV block (second or third degree — 
see conduction warning), bradycardia, 
congestive heart failure, flushing, hypo- 
tension, palpitations, syncope 

Nervous System: Amnesia, depression, gait abnormality, 
hallucinations, insomnia, nervousness, 
paresthesia, personality change, somno- 
lence, tinnitus, tremor 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeu- 
Sid, dyspepsia, mild elevations of alkaline 
phosphatase, SGOT, SGPT, and LDH (see 
hepatic warnings), vomiting, weight in- 


crease. 
Dermatologic:  Petechiae, pruritus, photosensitivity, urti- 
cario 
Other: Amblyopia, CPK elevation, dyspnea, epi- 


staxis, eye irritation, hyperglycemia, nasal 
congestion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, gingi- 
val hyperplasia, erythema multiforme, and leukopenia. How- 
ever, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established. 
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CORONARY ARTERY DISEASE 


EE AGL CAO T ECA N LS SEEP EA ae 
Usefulness of the Dipyridamole-Doppler Test for Diagnosis of 
Coronary Artery Disease 

Luciano Agati, Luciano Arata, Carlo Peraldo Neja, Carla Manzara, Carlo 
lacoboni, Carmine D. Vizza, Maria Penco, Francesco Fedele, and 
Armando Dagianti 


Two-dimensional and Doppler echocardiographic studies and a hemody- 
namic investigation were performed during dipyridamole testing in 42 
subjects: 13 control subjects (group I) and 29 patients with coronary 
artery disease (group II), to evaluate the ability of dipyridamole Doppler 
echocardiography in identifying patients with ischemic left ventricular 
dysfunction. In normal subjects, all Doppler parameters significantly in- 
creased after dipyridamole infusion as a consequence of a predominant 
vasodilator effect of the drug. In the second group, Doppler-derived pa- 
rameters failed to increase in several patients, despite a reduction in 
systemic vascular resistance, probably as a consequence of reduction in 
myocardial contractility induced by ischemia. Doppler changes correlated 
significantly with hemodynamic parameter changes and were closely re- 
lated to the coronary angiography jeopardy score and to the appearance of 
wall motion abnormalities, providing a sensitive tool for identifying pa- 
tients with high-risk coronary artery anatomy. 


835 
Percutaneous Transluminal Coronary Angioplasty After 
Non-Q-Wave Acute Myocardial Infarction 

Fernando Alfonso, Carlos Macaya, Andres Iñiguez, Camino Bañuelos, 
Antonio Fernandez-Ortiz, and Pedro Zarco 





To assess the clinical and angiographic follow-up of patients undergoing 
coronary angioplasty for ischemia after a non-Q-wave myocardial infarc- 
tion, we followed a prospective protocol that included an angiographic 
evaluation even for asymptomatic patients. Coronary angioplasty success 
was achieved in 30 of 33 (91%) consecutive patients dilated 63 + 94 days 
after the non-Q-wave myocardial infarction. A repeat coronary angio- 
gram was obtained at 7 + | months in 28 of 30 patients (93%) and 8 
(29%) presented with restenosis. At last clinical follow-up (17 + 8 
months) 93% of the patients remained asymptomatic. Thus, coronary 
angioplasty in this clinical setting provides a favorable angiographic and 
clinical outcome. 


Continued on page A17 
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SINGLE-AGENT SUCCESS 
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OF HYPERTENSIVE PATIENTS“ 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 30 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
deoree AV block (if no pacemaker is present), atrial flutter/fibrillation with an accessory bypass tract 
leg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
< 30%) or moderate to severe symptoms of cardiac failure and in patients with any degree of 
ventricular dysfunction if they are receiving a beta-blocker. Control milder heart failure with optimum 
digitalization and/or diuretics before Calan SR is used, Verapamil may occasionally produce hypotension 
Elevations of liver enzymes have been reported. Several cases have been demonstrated to be produced 
by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some patients 
with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway 
bypassing the AV node, producing a very rapid ventricular response of ventricular fibrillation after 
receiving I.V. verapamil (or digitalis). Because of this risk, oral verapamil is contraindicated in such 
patiants. AV block may occur (2nd- and 3rd-degree, 0.8%). Development of marked Ist-degree block 
or progression to 2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
edema and/or severe hypotension were seen in some critically ill patients with hypertrophic cardio- 
myopathy who were treated with verapamil 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in 
severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients should 


be monitored for abnormal prolongation of the PR interval or other signs of overdosage Verapamil 


may decrease neuromuscular transmission in patients with Duchenne’s muscular dystrophy and may 
prolong recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease 
verapamil dosage in patients with attenuated neuromuscular transmission, Combined therapy with 
beta-adrenergic blockers and verapamil may result in additive negative effects on heart rate, atrioven- 
tricular conduction and/or cardiac contractility; there have been reports of excessive bradycardia and 
AV block, including complete heart block. The risks of such combined therapy may outweigh the 
benefits. The combination should be used only with caution and close monitoring. Decreased 
metoprolol clearance may occur with combined use. Chronic verapamil treatment can increase serum 
digoxin levels by 50% to 75% during the first week of therapy, which can result in digitalis toxicity, In 
patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance of 
digitoxin. The digoxin dose should be reduced when verapamil is given, and the patient carefully 
monitored. Verapamil will usually have an additive effect in patients receiving blood-pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on myocardial 
contractility, AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients 
with hypertrophic cardiomyopathy should be avoided, since significant hypotension may result 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increased 
sensitivity to lithium. Patients receiving both drugs must be monitored carefully Verapamil may increase 
carbamazepine concentrations during combined use. Rifampin may reduce verapamil bioavailability. 
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Phenobarbital may increase verapamil clearance. Verapamil may increase serum levels of cyclospor 
Concomitant use of inhalation anesthetics and calcium antagonists needs careful titration to avi 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular blocking 
agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carci 

icity studies have not been performed. One study in rats did not suggest a tumorigenic potential 
verapamil was not mutagenic in the Ames test. Pregnancy Category C. There are no adequate 
well-controlled studies in pregnant women. This drug should be used during pregnancy, labor 
delivery only if clearly needed. Verapamil is excreted in breast milk; therefore, nursing should 
discontinued during verapamil use 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension (2.5 
headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatique (1.7%), dyspnea (14 
bradycardia: HR < 50/min (1.4%), AV block: total 1° 2° 3° (1.2%), 2° and 3° (0.8%), rash (1 
flushing (0.6%), elevated liver enzymes. The following reactions, reported in 1.0% or less of patient: 
occurred under conditions where a causal relationship is uncertain: angina pectoris, atrioventn 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syn 
diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchymosis or bruising, cereb 
vascular accident, confusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psychot 
symptoms, shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macu! 
sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gynecoma: 
increased urination, spotty menstruation, impotence 12/91/89 © P90-W198\ 
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t Lower initial doses of 120 mg a day may be warranted in 
patients who may have an increased response to verapamil 
leg, the elderly or small people). 
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As predictable as 
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Studies indicate that a similar circadian pattern also 


exists for: 
— Myocardial infarction? 


— Sudden cardiac death? 
— Ischemic stroke‘ 

— Heart rate° 

— Blood pressure? 
—Plasma catecholamines® 
— Platelet aggregation.® 
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Corgard® (nadolol tablets) is not indicated for treatment or prevention of 
myocardial infarction, sudden cardiac death, or ischemic stroke. 
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Randomized, 
double-blind, 
placebo-controlled, — 
cross-over study in — 
16 angina patients 
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Propranolol 
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Beta-blocker serum half life (hours).® — Adapted from Kostis, Am J Cardiol, 1988.10 
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| CONTRAINDICATIONS: Bronchial asthma, sinus bradycardia and greater than first degree con- 
‘duction block, cardiogenic shock, and overt cardiac failure (see WARNINGS). 


WAR : Cardiac Failure—Sympathetic stimulation may be a vital component supporting 
circulatory function in congestive heart failure, and its inhibition by beta-blockade may precipitate 
pea ore severe failure. Although beta-blockers should be avoided in overt congestive heart failure, if 
| necessary, they can be used with caution in patients with a history of failure who are well- 
< compensated, usually with digitalis and diuretics, Beta-adrenergic blocking agents do not abolish 
_ the inotropic action of digitalis on heart muscle. IN PATIENTS WITHOUT A HISTORY OF HEART 
FAILURE, continued use of beta-blockers can, in some cases, lead to cardiac failure; therefore, at 
mf sign or symptom of heart failure, digitalize and/or give diuretics, and closely observe re- 
- sponse, Or discontinue nadolol (gradually if possible). 
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: CORGARD (nadolol) is a synthetic nonselective beta-adrenergic receptor block- 
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___ Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal—Hypersen- 
‘ Sitivity to catecholamines has been observed in patients withdrawn from beta-blocker ther- 
_ apy; exacerbation of angina and, in some cases, myocardial infarction have occurred after 
| abrupt discontinuation of such therapy. When discontinuing chronic use of nadolol, particu- 
| [arly in patients with ischemic heart disease, gradually reduce dosage over a 1- to 2-week 
| Period and carefully monitor the patient. Reinstitute nadolol promptly (at least temporarily) 
_ and take other measures appropriate for management of unstable angina if angina markedly 
_ worsens or acute coronary insufficiency develops. Warn patients not to interrupt or discon- 
| tinue therapy without physician's advice. Because coronary artery disease is common and 
‘May be unrecognized, it may be prudent not to discontinue nadolol therapy abruptly even in 
| Patients treated only for hypertension. 
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i g Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema)—PATIENTS WITH 
| BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. Ad- 
_ minister nadolol with caution since it may block bronchodilation produced by endogenous or 
Pe exogenous catecholamine stimulation of beta, receptors. 


iM _ Major Surgery—Because beta blockade impairs the ability of the heart to respond to reflex 
es ‘Stimuli and may increase risks of general anesthesia and surgical procedures, resulting in protracted 
hypotension or low cardiac output, it has generally been suggested that such therapy should be 
ae ithdrawn several days prior to surgery. Recognition of the increased sensitivity to catecholamines 
_ Of patients recently withdrawn from beta-blocker therapy, however, has made this recommenda- 
i ti On controversial. If possible, withdraw beta-blockers well before surgery takes place. In emer- 
-gency surgery, inform the anesthesiologist that the patient is on beta-blocker therapy. Use of 
- beta-receptor agonists such as isoproterenol, dopamine, dobutamine, or levarterenol can reverse 


~ the effects of nadolol. Difficulty in restarting and maintaining the heart beat has also been reported 
th beta-adrenergic receptor blocking agents. 


Diabetes and Hypoglycemia—Beta-adrenergic blockade may prevent the appearance of pre- 
7 nonitory signs and symptoms (e.g., tachycardia and blood pressure changes) of acute hypogly- 
$ cemia. This is especially important with labile diabetics. Beta-blockade also reduces release of 
L rugs in response to hyperglycemia; therefore, it may be necessary to adjust dose of antidiabetic 
drugs. 

___ Thyrotoxicosis—Beta-adrenergic blockade may mask certain clinical signs (€.g., tachycardia) 
-of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic blockade which might precipi- 
-tate a thyroid storm, carefully manage patients suspected of developing thyrotoxicosis. 


_ PRECAUTIONS: Impaired Renal Function—Use nadolol with caution (see DOSAGE AND AD- 
_ MINISTRATION section of package insert). 

____ Information for Patients—Warn patients, especially those with evidence of coronary artery 
__ insufficiency, against interruption or discontinuation of nadolol without physician's advice. Although 
_ Cardiac failure rarely occurs in properly selected patients, advise patients being treated with beta- 
~ adrenergic blocking agents to consult physician at first sign of impending failure. Advise patients 
ri in event of missed doses. 


___ Drug Interactions—Concurrent administration may result in interactions with: Anesthetics, 
_ general—exaggeration of the hypotension induced by general anesthetics (see WARNINGS, Ma- 
_ jor Surgery). Antidiabetic drugs (oral agents and insulin)—hypoglycemia or hyperglycemia; adjust 
_ antidiabetic drug dosage accordingly (see WARNINGS, Diabetes and Hypoglycemia). Cate- 
_ Cholamine-depleting drugs (e.g., reserpine)—additive effect: monitor closely for hypotension and/or 
"excessive bradycardia. 

Carcinogenesis, Mutagenesis, | of Fertility—in 1 to 2 year oral toxicologic stud- 
sin mice, rats, and dogs, nadolol did not produce significant toxic effects. In 2-year oral carcino- 
nic studies in rats and mice, nadolol did not produce neoplastic, preneoplastic, or nonneoplastic 


athologic lesions. 
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~ Pr C—In animal reproduction studies with nadolol, evidence of embryo- and 
_ fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times greater (on a 
pareve basis) than maximum indicated human dose; no teratogenic potential was seen in any of 
` ese species. There are no well-controlled studies in pregnant women; therefore, use nadolol in 
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_ Framingham Heart Study population. Am J Cardiol 60:801-806; 1987, 4. Marler JR, Price TR, Clark GL, et al: Morning increase in onset of ischemic stroke. Stroke 


At y d 


ETE T Ee eee eT E EAEE 


120 mg 160 mg 


pregnantwomen only if potential benefit justifies potential risk to the fetus. Neonates of mothers who 
received nadolol at parturition have exhibited bradycardia, hypoglycemia and associated symptoms. 


Nursing Mothers—Nadolo! is excreted in human milk. Exercise caution when nadolol is 
administered to a nursing woman. 


Pediatric Use—Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Most adverse effects have been mild and transient and have rarely 
required nadolol withdrawal. 


Cardiovascular—Bradycardia with heart rates of less than 60 beats per minute occurs com- 
monly, and heart rates below 40 beats per minute and/or symptomatic bradycardia were seen in 
about 2 of 100 patients. Symptoms of peripheral vascular insufficiency, usually of the Raynaud 
type, Nave occurred in approximately 2 of 100 patients. Cardiac failure, hypotension, and rhythm/ 
conduction disturbances have each occurred in about 1 of 100 patients. Single instances of first 
degree and third degree heart block have been reported; intensification of AV block is a known 
effect of beta-blockers (see also CONTRAINDICATIONS, WARNINGS, and PRECAUT IONS). Cen- 
tral Nervous System—Dizziness or fatigue reported in approximately 2 of 100 patients; paresthe- 
sias, sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Re —Bronchospasm reported in approximately 1 of 1000 patients (see CONTRAINDI- 
CATIONS and WARNINGS). Gastrointestinal—Nausea, diarrhea, abdominal discomfort, consti- 
pation, vomiting, indigestion, anorexia, bloating, and flatulence each reported in 1 to 5 of 1000 
patients. Miscellaneous— Each of the following reported in 1 to 5 of 1000 patients: rash; pruritus; 
headache; dry mouth, eyes, or skin; impotence or decreased libido: facial swelling; weight gain; 
slurred speech; cough; nasal stuffiness; sweating; tinnitus; blurred vision; infrequent reversible 
alopecia. 

The following adverse reactions have been reported in patients taking nadolol and/or other 
beta-adrenergic blocking agents, but no causal relationship to nadolol has been established. 
Central Nervous System—reversible mental depression progressing to catatonia; visual dis- 
turbances; hallucinations; an acute reversible syndrome characterized by disorientation for time 
and place; short-term memory loss, emotional lability with slightly clouded sensorium; decreased 
performance on neuropsychometrics. —mesenteric arterial thrombosis; ischemic 
colitis; elevated liver enzymes. Hematologic—agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. Allergic—fever combined with aching and sore throat; laryngospasm; 
respiratory distress. Miscellaneous— pemphigoid rash; hypertensive reaction in patients with 
pheochromocytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 


OVERDOSAGE: Nadolo! can be removed from the general circulation by hemodialysis. In addi- 
tion to gastric lavage, employ the following measures as appropriate. In determining duration of 
corrective therapy, take note of long duration of effect of nadolol, 


Excessive Bradycardia—Administer atropine (0.25 to 1.0 mg). If there is no response to vagal 
blockade, administer isoproterenol cautiously. 


Cardiac Failure—Administer a digitalis glycoside and diuretic. It has been reported that glucagon 
may also be useful in this situation. 


Hypotension—Administer vasopressors, e.g., epinephrine or levarterenol. (There is evidence 
that epinephrine may be the drug of choice.) 


Bronchospasm—Administer a beta,-stimulating agent and/or a theophylline derivative. 


DOSAGE—For all patients, DOSAGE MUST BE INDIVIDUALIZED. 

For angina pectoris, usual initial dose is 40 mg qd; may be gradually increased in 40 to 80 mg 
increments at 3 to 7 day intervals until optimum clinical response or pronounced slowing of the 
heart rate; usual maintenance dose is 40 or 80 mg qd (doses up to 160 or 240 mg daily may be 
needed). If treatment is to be discontinued, reduce dosage gradually over a period of 1 to 2 weeks 
(see WARNINGS). 

For hypertension, usual initial dose is 40 mg qd; gradually increase in 40 to 80 mg increments 
until optimum blood pressure reduction is achieved; usual maintenance dose is 40 or 80 mg ad 
(doses up to 240 or 320 mg daily may be needed). 

Patients with renal failure require adjustment in dosing interval; see package insert for dosage 
in these patients. 


For full prescribing information consult package insert. 
HOW SUPPLIED: In scored tablets containing 20, 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100. The 40 mg, 80 mg, and 120 mg tablets are available in bottles of 1000 tablets. The 


20 mg, 40 mg, and 80 mg tablets are also available in Unimatic® unit-dose packs of 100 tablets, 
(J4-156) 
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Doppler Echocardiographic Evaluation of Left Ventricular 
Diastolic Function After Percutaneous Transluminal Coronary 
Angioplasty for Unstable Angina Pectoris or Acute Myocardial 
Infarction 
Frank R. Snow, John Gorcsan, Ill, Stephen A. Lewis, Michael J. Cowley, 
George W. Vetrovec, and J.V. Nixon 


The effect of percutaneous transluminal coronary angioplasty (PTCA)on 
Doppler diastolic filling indexes was assessed in 42 patients presenting 
with either unstable angina (n = 22) or early ischemia after acute myocar- 
dial infarction (AMI) (n = 20). All patients exhibited altered diastolic 
function before PTCA compared to age-matched, asymptomatic control 
subjects. At a mean of 2 + 1 days after PTCA reductions in isovolumic 
relaxation and mitral deceleration times were shown, as was an increase in 
E/A peak velocity ratio and a decrease in atrial contribution to left 
ventricular filling. Greater improvement in diastolic filling was observed 
with PTCA early after AMI (<14 days) compared with later revascular- 
ization. Therefore, PTCA in the setting of severe ischemia can significant- 
ly improve Doppler indexes of diastolic filling and may be most beneficial 
early after AMI. 
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Value of Gadolinium-Diethylene-Triamine Pentaacetic Acid 
Dynamics in Magnetic Resonance Imaging of Acute 
Myocardial Infarction with Occluded and Reperfused 

Coronary Arteries After Thrombolysis 

Albert C. van Rossum, Frans C. Visser, Machiel J. van Eenige, 

Michiel Sprenger, Jaap Valk, Freek W. A. Verheugt, and Jan P. Roos 


The paramagnetic contrast agent gadolinium-diethylene-triamine penta- 
acetic acid (DTPA) was used in magnetic resonance imaging of patients 
with an acute myocardial infarction after thrombolysis. Myocardial signal 
intensities were measured with circumferential profiles before and subse- 
quently after bolus administration of gadolinitum-DTPA 0.1 mmol/kg. 
The maximum signal intensity of normal myocardium increased by 35%, 
and of infarct zones by 66%. The contrast of infarcted relative to normal 
myocardium, the signal intensity ratio, was significantly enhanced (p 
<0.001). Between patients with reperfused infarct-related vessels and 
occluded vessels without collaterals as demonstrated by coronary angiog- 
raphy, the maximally obtained contrast did not differ. However, the 
course of the signal intensity ratio as a function of time after injection of 
gadolinium-DTPA showed an earlier increase of the reperfusion group (p 
<0.02). Thus, gadolintum-DTPA enhances visualization of myocardial 
infarction on magnetic resonance images and its dynamics may be of 
potential value for assessment of reperfusion after thrombolysis. 
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Role of Two-Dimensional Echocardiography, Pulsed, 
Continuous Wave and Color Flow Doppler Techniques 
in the Assessment of Ventricular Septal Rupture After 
Myocardial Infarction 

Ramesh C. Bansal, Alvin K. Eng, and Masahiro Shakudo 


Two-dimensional echocardiography, pulsed and continuous wave Doppler 
methods were used for evaluation of ventricular septal rupture due to 
acute myocardial infarction in 15 patients (7 anterior, 8 posterior ). Color 
flow imaging was used in 6 patients. Complete 2-dimensional and Doppler 
echocardiographic studies provided diagnostic information in 14 of 15 
patients. These studies allowed for evaluation of location of the defect, 
status of left and right ventricular function and degree of pulmonary 
hypertension. Data indicate that complete 2-dimensional and Doppler 
echocardiographic studies make left ventricular cineangiography unneces- 
sary for the majority of patients with ventricular septal rupture. 
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Transmural Ventricular Activation During Consecutive Cycles 
of Sustained Ventricular Tachycardia Associated with 
Coronary Artery Disease 

Nancy A. Branyas, Michael E. Cain, James L. Cox, and Dennis M. Cassidy 


Bipolar electrograms were recorded simultaneously using sock and needle 
electrodes from up to 96 epicardial and 156 transmural and transseptal 
sites during sustained monomorphic ventricular tachycardia (VT) in each 
of 10 patients to determine the reliability of single-beat analysis for clinical 
decision-making during intraoperative computerized mapping. In each 
patient, at each electrode site, local activation time, electrogram duration 
and morphology were compared over 6 consecutive cycles of VT. Global 
ventricular activation during VT was reproducible with mean beat-to-beat 
variations in local activation time and electrogram duration of only 1.8 + 
1.9 and 1.6 + 3.4 ms, respectively. These results indicate that analysis of a 
single beat of VT is a reliable and expedient approach to delineate ventric- 
ular activation during intraoperative computerized mapping for the pur- 
pose of clinical decision-making in patients with sustained monomorphic 
VT. 
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The only available 
recombinant thrombolytic agent 


l The above illustration is a scientifically correct 
O) A j rendering of the DNA containing the gene that 
TRR ~ codes for human tissue plasminogen activator 


oy The only available thrombolytic 
agent equivalent to human 
tissue plasminogen activator 


No pattern of serious or life-threatening allergic reactions has been reported in over 125,000 
patients treated 


Because Activase® is a recombinant natural protein, it does not react with antistreptococcal 
antibodies, thereby reducing the concern regarding therapeutic failures 


No reported episodes of infusion-related hypotension requiring emergency intervention 


Bleeding is the most common complication of thrombolytic therapy, with intracranial bleeding being 
the most serious. Activase® is contraindicated in patients with: active internal bleeding, history of 
cerebrovascular accident, recent (within two months) intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malformation, or aneurysm, known bleeding diathesis, severe 
uncontrolled hypertension. (See WARNINGS section of brief summary of prescribing information.) 
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- ATISSUE PLASMINOGEN ACTIVATOR 


Briet Summary 
Consult full prescribing information before using. 


INDICATIONS ANO USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 


soon as possible after the onset of AMI symptoms. 


CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE* 
is contraindicated in the following situations: + Active internal bleeding » History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 


diathesis + Severe uncontrolled hypertension. 


WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of nes associated with thrombolytic therapy can be divided into two broad 

nvolving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.9., 


categories: + Internal bleeding 


sites of venous cutdown, arterial puncture, recent surgical intervention). 


Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 


was continuing. 


As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 


of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 


intramuscular injections and nonessential handling of the patient should be avoided during treatment 


S with ACTIVASE® Venipunctures should be performed carefully and only as required. 


Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 


any concomitant heparin should be terminated immediately. 


Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 


pated benefits weighed against potential risks associated with therapy. 


in the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels « Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma + Hypertension: 
systolic BP= 180 mm Hg and/or diastolic BP= 110 mm Hg + High likelihood of left heart thrombus, e.g. 


mitral stenosis with atrial fibrillation » Acute pericarditis + Subacute bacterial endocarditis + Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction « 
Pregnancy + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old « Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 


a significant hazard or would be particularly difficult to manage because of its location. 


and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 


discontinued immediately. Heparin effects can be reversed by protamine. 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 


documented, readministration should be undertaken with caution. 


extent mitigate this phenomenon. 


may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 


clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 


evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 


tions tested. 


sites of venous cutdown, arterial puncture, recent surgical intervention). 


reported in studies in over 800 patients treated at all doses: 
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gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
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Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 


PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 


Read ministration There is no experience with readministration of ACTIVASE™ If anaphylactoid reaction 
Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 


Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 


Drug Interactions The interaction of ACTIVASE” with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 


Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 


Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 


Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mitotic index, was evidenced only after prolonged exposure and only at the highest concentra- 


Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE™® is administered to a 


nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE™ is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites « Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 


The following incidence of significant internal bleeding (estimated as >-250 cc blood loss) has been 
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gingival <1% <1% 





3 
The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is astollows:. 
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__Dose__ Number of Patients EA i 
100 mg 3272 04 
1-14 mg/kg 237 UE 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 3 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials1-7 is not signticantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 12% versus 27/3092, 0.9%, respectively) (p = 0.26). oy 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomite 
therapy with heparin. we 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild: 
hypersensitivity reactions such as urticaria have been observed occasionally. Ly 
Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. rk 


vs 
DOSAGE AND ADMINISTRATION: Administer ACTIVASE" as soon as possible after the ons t 
of symptoms. i 
ACTIVASE® is for intravenous administration only. FY 
The recommended dose is 100 mg administered as 60 mg (34.8 million 1U) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the secon 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 see 
A DOSE OF 150 MG OF ACTIVASE” SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. FE 
Although the use of anticoagulants and antiplatelet drugs during and following administration © 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered ote | 
eeng 
va" 





ent 


tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have b 
either during and/or following heparin treatment. 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accon 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only wi 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
eae ag mg/mL at approximately pH 73. The osmolality of this solution is approximately 

15 mOsm/kg. ES 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. - 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution 

No other medication should be added to infusion solutions containing ACTIVASE® Any unused 
infusion solution should be discarded. 9 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), o1 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 

Manufactured by 

GENENTECH”, INC. j 
460 Point San Bruno Blvd. 

South San Francisco, CA 94080 

April, 1989 
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Use of Intravenous Adenosine in Sinus Rhythm as a Diagnostic 
Test for Latent Preexcitation 

Clifford Garratt, Anna Antoniou, Michael Griffith, David E. Ward, and 

A. John Camm 


The ability of intravenous adenosine to unmask latent preexcitation was 
evaluated in 22 patients with a history of documented supraventricular 
tachycardia and a normal electrocardiogram during sinus rhythm, includ- 
ing 6 patients with latent preexcitation. Intravenous adenosine during 
sinus rhythm was capable of producing atrioventricular nodal conduction 
delay or block in 73% of the patients: in this group adenosine provided a 
diagnostic test that was both 100% sensitive and 100% specific for latent 
preexcitation. 


SYSTEMIC HYPERTENSION 


874 


Diversity of Patterns of Hypertrophy in Patients with Systemic 


Hypertension and Marked Left Ventricular Wall Thickening 
Jannet F. Lewis and Barry J. Maron 


In patients with systemic hypertension and marked left ventricular (LV) 
wall thickening, it may be difficult to ascertain whether the hypertrophy is 
solely a result of longstanding and severe elevation of blood pressure or, 
alternatively, due to coexistent hypertrophic cardiomyopathy. To address 
this issue, we studied 102 consecutive hypertensive patients with marked 
LV wall thickening, using 2-dimensional echocardiography to character- 
ize the patterns of LV hypertrophy. Patients ranged in age from 31 to 88 
years (mean 61); 58% were female. By selection, maximal wall thickness 
was >15 mm in each patient (range 16 to 29). Most patients (66%) 
showed symmetric or concentric hypertrophy, but 34% demonstrated LV 
asymmetry in which the distribution and extent of hypertrophy were often 
similar to those characteristic of hypertrophic cardiomyopathy. Asym- 
metric LV hypertrophy appears to represent an important feature of the 
morphologic spectrum of severe hypertensive heart disease. Moreover, the 
diverse patterns of hypertrophy observed in hypertensive patients with 
marked LV wall thickening often cannot be distinguished definitively, on a 
morphologic basis alone, from those characteristic of hypertrophic cardio- 
myopathy. 


Continued on page A26 
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THE INSIDE STORY 
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THE OUTSIDE STORY 


UNCOMPROMISED VITALITY 
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labetalol HCI/100 mg tablets 
Because it vasodilates 
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Trandate Tablets BRIEF SUMMARY 
~ (labetalol hydrochloride) 
_ The following is a brief summary only. Before prescribing, see complete prescribing information in 


Trandate* Tablets product labeling. 
__ CONTRAINDICATIONS: Trandate Tablets are contraindicated in bronchial asthma, overt cardiac fail- 
- eet heart block, cardiogenic shock, and severe bradycardia (see WARN- 


_ WARNINGS: Hepatic Injury: Severe hepatocellular injury, confirmed by rechallenge in at least one 

= Case, occurs rarely with labetalol therapy. The hepatic injury is usually reversible, but hepatic necrosis 
iy and death have been reported. Injury has occurred after both short- and long-term treatment and 

X 


aa 


-may be slowly progressive despite minimal symptomatology. Appropriate laboratory testing should 
be done at the first symptom/sign of liver dysfunction (eg, pruritus, dark urine, persistent anorexia, 

jaundice, right upper quadrant tenderness, or unexplained “flu-like” symptoms). If the patient has 

ng laboratory evidence of liver injury or jaundice. labetalol should be stopped and not restarted. 

= Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function in con- 

gestive heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 

~ Contractility and precipitating more severe failure. Although beta-blockers should be avoided in overt 

= Congestive heart failure. if necessary, labetalol HCI can be used with caution in patients with a history 

p t of heart failure who are well compensated. Congestive heart failure has been observed in patients 

te aora labetalol HCI. Labetalol HCI does not abolish the inotropic action of digitalis on heart 

MN i 

Fe n Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, continued 

_ depression of the myocardium with beta-blocking agents over a period of time can. in some cases. 

it lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should be 

= fully digitalized and/or be given a diuretic, and the response should be observed closely. If cardiac 


7 Soo continues despite adequate digitalization and diuretic, Trandate» therapy should be withdrawn 
$ N radually, if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 
= reported upon labetalol HCI discontinuation. However. hypersensitivity to catecholamines has been 
H, _ Observed in patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some 
~ Cases, myocardial infarction have occurred after abrupt discontinuation of such therapy. When dis- 
Continuing chronically administered Trandate, particularly in patients with ischemic heart discase, the 
-dosage should be gradually reduced over a period of one to two weeks and the patient should be 
carefully monitored. If angina markedly worsens or acute coronary insufficiency develops, Trandate 
administration should be reinstituted promptly, at least temporarily, and other measures appropriate 
for the management of unstable angina should be taken. Patients should be warned against interrup- 
tion or discontinuation of therapy without the physician's advice. Because coronary artery disease is 
common and may be unrecognized, it may be prudent not to discontinue Trandate therapy abruptly 
= even in patients treated only for hypertension. 
___ Nonallergic Bronchospasm (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
` disease should, in general, not receive beta-blockers. Trandate may be used with caution, however. 
in patients who do not respond to. or cannot tolerate, other antihypertensive agents. It is prudent. if 
Trandate is used. to use the smallest effective dose, so that inhibition of endogenous or exogenous 
___ beta-agonists is minimized. 
ae : Labetalol HCI has been shown to be effective in lowering blood pressure and 
fer relieving symptoms in patients with pheochromocytoma. However, paradoxical hypertensive 
-responses have been reported in a few patients with this tumor; therefore, use caution when adminis- 
bere tering labetalol HCI to patients with pheochromocytoma. 
_ Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of pre- 
-monitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
___ with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia: 
E ‘it may therefore be necessary to adjust the dose of antidiabetic drugs. 
_ Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy before major sur- 
-~ gery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
__ heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activ- 
___ ity has not been evaluated in this setting. 
_____ Asynergism between labetalol HCI and halothane anesthesia has been shown (see PRECAUTIONS: 
= Drug Interactions). 
PRECAUTIONS: General: Impaired Hepatic Function: Trandate” Tablets should be used with caution In 
_ patients with impaired hepatic function since metabolism of the drug may be diminished. 
-~ Jaundice or Hepatic jon: (see WARNINGS). 
Information for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
_ treated with labetalol HCI is warranted. This information is intended to aid in the safe and effective use 
_ Of this medication. It is not a disclosure of all possible adverse or intended effects. While no incidence 
Of the abrupt withdrawal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI, dosing with Trandate Tablets should not be interrupted or discontinued without a physi- 
Cians advice. Patients being treated with Trandate Tablets should consult a physician at any signs or 
= Symptoms of impending cardiac failure or hepatic dysfunction (see WARNINGS). Also, transient 
-= scalp Taney may occur, usually when treatment with Trandate Tablets is initiated (see ADVERSE 
EACTIONS). 
te Tests: As with any new drug given over prolonged periods, laboratory parameters should 
a be observed over regular intervals. In patients with concomitant illnesses, such as impaired renal 
_ function, appropriate tests should be done to monitor these conditions. 
-Drug Interactions: in one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 
~ antidepressants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. 
Bf ‘The contribution of each of the treatments to this adverse reaction is unknown, but the possibility of a 
_ drug interaction cannot be excluded. 
= Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor 
agonist drugs in patients with bronchospasm; therefore, doses greater than the normal antiasthmatic 
-dose of beta-agonist bronchodilator drugs may be required. 
Cimetidine has been shown to increase the bioavailability of labetalol HCI. Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 
se special care should be used in establishing the dose required for blood pressure control in such 
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= Synergism has been shown between halothane anesthesia and intravenously administered labetalol 
_ HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, high 
concentrations (3% or above) of halothane should not be used because the degree of hypotension will 
_ be increased and because of the possibility of a large reduction in cardiac output and an increase in 
central venous pressure. The anesthesiologist should be informed when a patient is receiving 
-labetalol HCI. 
= Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
-tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
antihypertensive effects may occur. 
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Trandate” (labetalol hydrochloride) Tablets 


Drug/Laboratory Test Interactions: The presence of labetalol metabolites in the urine may result in 
falsely elevated levels of urinary catecholamines, metanephrine, normetanephrine, and vanillylman- 
delic acid when measured by fluorimetric or photometric methods. In screening patients suspected of 
having a pheochromocytoma and being treated with labetalol HCI, a specific method, such as a high 
performance liquid chromatographic assay with solid phase extraction (eg. J Chromatogr 385: 
241.1987) should be employed in determining levels of catecholamines. 

Labetalol HCI has also been reported to produce a false-positive test for amphetamine when 
screening urine for the presence of drugs using the commercially available assay methods Toxi-Lab A® 
(thin-layer chromatographic assay) and Emit-d.a.u.* (radioenzymatic assay). When patients being 
treated with labetalol have a positive urine test for amphetamine using these techniques, confirmation 
should be made by using more specific methods, such as a gas chromatographic-mass spectrometer 
technique. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with labetalol 

HCI for 18 months in mice and for two years in rats showed no evidence of carcinogenesis. Studies 

with labetalol HCI using dominant lethal assays in rats and mice and exposing microorganisms 

according to modified Ames tests showed no evidence of mutagenesis. 

Pregnancy: Teratogenic Effects: Category C: Teratogenic studies were performed with 
labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. A 
teratology study performed with labetalol in rabbits at intravenous doses up to 1.7 times the MRHD 
revealed no evidence of drug-related harm to the fetus. There are no adequate and well-controlled 
Studies in pregnant women. Labetalol should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

Nonteratogenic Effects: Transient hypotension, bradycardia, and hypoglycemia have been rarely 
observed in infants of mothers who were treated with labetalol HCI for hypertension during preg- 
nancy. Oral administration of labetalol to rats during late gestation through weaning at doses of two 
to four times the MRHD caused a decrease in neonatal survival. 

Labor and Delivery: Labetalol HC! given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are 
excreted in human milk. Caution should be exercised when Trandate Tablets are administered to a 
nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Most adverse effects are mild and transient and occur early in the course of 
treatment. In controlled clinical trials of three to four months’ duration, discontinuation of Trandate* 
Tablets due to one or more adverse effects was required in 7% of all patients. In these same trials, 
beta-blocker control agents led to discontinuation in 8% to 10% of patients, and a centrally acting 
alpha-agonist led to discontinuation in 30% of patients. 

The following adverse reactions were derived from multicenter, controlled clinical trials over treat- 
ment periods of three and four months. The rates. which ranged from less than 1% to 5% except as 
otherwise noted. are based on adverse reactions considered probably drug-related by the investiga- 
tor. If all reports are considered, the rates are somewhat higher (eg. dizziness, 20%: nausea, 14%: 
fatigue, 11%). 

Body as a Whole: Fatigue, asthenia, headache. Gastrointestinal: Nausea (6%), vomiting, dyspep- 
sia. diarrhea, taste distortion. Central and Peripheral Nervous Systems: Dizziness (11%), 
paresthesia, drowsiness. Autonomic Nervous System: Nasal stuffiness. ejaculation failure, impo- 
tence, increased sweating. Cardiovascular: Edema, postural hypotension. Respiratory: Dyspnea. 
Skin: Rash. Special Senses: Vision abnormality, vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of 
adverse effects that may be observed in a properly selected hypertensive patient population, ie, a 
group excluding patients with bronchospastic disease, overt congestive heart failure. or other contra- 
indications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in more severely hyperten- 
sive patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly 
dose-related shows that the following side effects increased with increasing dose: dizziness, fatigue, 
nausea, vomiting, dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and 
edema. 

In addition, a number of other less common adverse events have been reported: 

Body as a Whole: Fever. Cardiovascular: Postural hypotension, including, rarely, syncope. Central 
and Peripheral Nervous Systems: Paresthesia, most frequently described as scalp tingling. In most 
cases, it was mild and transient and usually occurred at the beginning of treatment. Collagen Dis- 
orders: Systemic lupus erythematosus, positive antinuclear factor. Eyes: Dry eyes. | 
System: Antimitochondrial antibodies. Liver and Biliary System: Hepatic necrosis, hepatitis, chole- 
Static jaundice, elevated liver function tests. Musculoskeletal System: Muscle cramps, toxic myopathy. 
Respiratory System: Bronchospasm. Skin and Appendages: Rashes of various types, such as gener- 
alized maculopapular, lichenoid, urticarial, bullous lichen planus, psoriaform, and facial erythema: 
Peyronie's disease; reversible alopecia. Urinary System: Difficulty in micturition, including acute 
urinary bladder retention. 

Following approval for marketing in the United Kingdom, a monitored release survey involving 
approximately 6,800 patients was conducted for further safety and efficacy evaluation of this prod- 
uct. Results of this survey indicate that the type, severity, and incidence of adverse effects were 
comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed above have been reported with 

other beta-adrenergic blocking agents. Central Nervous System: Reversible mental depression pro- 

gressing to catatonia, an acute reversible syndrome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, slightly clouded sensorium, and decreased per- 
formance on psychometrics. Cardiovascular: Intensification of A-V block (see CONTRAINDICA- 

TIONS). Allergic: Fever combined with aching and sore throat, laryngospasm, respiratory distress. 

Hematologic: Agranulocytosis, thrombocytopenic or nonthrombocytopenic purpura. Gastrointesti- 

nal: Mesenteric artery thrombosis, ischemic colitis. The oculomucocutaneous syndrome associated 

with the beta-blocker practolol has not been reported with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of serum transaminases in 4% of 

patients treated with labetalol HCI and tested and, more rarely, reversible increases in blood urea. 

OVERDOSAGE: Information concerning possible overdosage and its treatment appears in the full pre- 

scribing information. 

DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dos- 

age is 100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, 

using standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid 
every two or three days. The usual maintenance dosage of labetalol HCI is between 200 and 400 mg 
twice daily. Before use, see complete prescribing information for dosage details. 
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No longer will 


increasing your 
ad budget 
be an 
act of faith. 


About $3 billion a year is spent on business 
press advertising- yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases- 
sales and profits. 
Its comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It’s impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 


; > 


a E: We i re ial DI e. The new stu ae ie t 
tracked ads for four totally different ` 


products. Was based on real-time dé ata 
carefully accumulated as the ads ran. Seo 
And employed state-of-the-art data a É . 
techniques. $ 

It’s conclusive. It links higher levelsof 
advertising with significant increases in sales, 
plus increased profits. Considering the ice G 
competitive crunch of today’s marketplace, these 
kinds of results mean increasing your advertsing 2 
is no longer an act of faith—but an act of survival. — 
Shoot down your old notions, and put the 
research to work. 

Armed with these new, easy-to-understand _ 
facts and figures, you can now have powerful 
decision support for increasing your trade 
magazine ad budget. 

For your copy of the “Summary of the | 
Findings”, write on your letterhead to: Marketing | 
Services, Association of Business Publishers, _ 
205 E. 42nd Street, New York, NY 10017. 
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VALVULAR HEART DISEASE 
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Atrial Natriuretic Peptide and Vasopressin During 
Percutaneous Transvenous Mitral Valvuloplasty and Relation 
to Renin-Angiotensin-Aldosterone System and Renal Function 
Rong-Chi Tsai, Tohru Yamaji, Miyuki Ishibashi, Fumimaro Takaku, 
Morgan Fu, Wen-Jin Cherng, Kanji Inoue, and Jui-Sung Hung 


Plasma levels of atrial natriuretic peptide (ANP) decreased promptly 
after percutaneous transvenous mitral valvuloplasty with a concomitant 
decrease in atrial pressure in patients with mitral stenosis. There were 
significant positive correlations between plasma ANP levels and mean 
pressures in the left atrium, the pulmonary artery or the right atrium. 
Percutaneous transvenous mitral valvuloplasty was accompanied by an 
increase in plasma renin activities and aldosterone concentrations, and a 
decrease in glomerular filtration rate, renal plasma flow, urinary flow and 
sodium excretion. Plasma vasopressin levels showed a transient increase 
after valvuloplasty. These results suggest that the cardiac atrium quickly 
responds to a reduction in atrial pressure to change its own ANP secretion, 
which directly or indirectly regulates water and sodium metabolism. 


887 


Frequency of Acute Myocardial Infarction in Valve Repairs 


Versus Valve Replacement for Pure Mitral Regurgitation 
Timothy P. Obarski, Floyd D. Loop, Delos M. Cosgrove, Bruce W. Lytle, 
and William J. Stewart 


Surgical repair of the mitral valve for mitral regurgitation has become the 
procedure of choice over replacement with a prosthetic valve primarily 
because the former avoids the complications associated with prosthetic 
valves and preserves left ventricular function. Myocardial infarction can 
adversely affect left ventricular function. In 224 consecutive mitral valve 
repairs 12 patients (5.4%) had electrocardiographic criteria and cardiac 
enzyme elevations consistent with a perioperative acute myocardial infarc- 
tion. In comparison there were no infarctions by electrocardiographic and 
enzyme values in 111 consecutive valve replacements (p = 0.01). All of the 
infarcts were in the inferior wall, supplied by the right coronary artery. A 
possible explanation of this occurrence is the presence of an air embolus 
during testing of the mitral valve with high pressure insufflation of the left 
ventricle with the left atrium open, or through inadequate venting. Al- 
though 33% of the infarct population were left with echocardiographic 
evidence of inferior wall hypokinesis and 58% were left with Q waves on 
hospital discharge, their clinical course was unaffected by the periopera- 
tive infarction. Through changes in surgical technique, we hope to reduce 
the incidence of this complication and we remain enthusiastic about mitral 
valve repairs for mitral insufficiency. 


Continued on page A33 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,' and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol? 


HEART ATTACK PATIENTS 


(PROCAM TRIAL)? 
LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)? 


A powerful case for 


LOPID 2 


£ ‘| \ 600-mg 
(gemfibrozil) ias 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type Ub patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents sui h as bile acid sequestrants 
and nicotinic acid 

‘Defined as a combination of definite coronary death and/or definite myocardial infarction 

References: 1. Goldstein IL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 survivors of myoe ardial 


infarction. | Clin Invest. 1973:52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Irial: Prospective í ardiovascular Minster Trial, Zürich: Panscientia Verlag; 1986:8-9 
3. Data on file, Medical Affairs Dept, Parke-Davi 


Please see adjacent page of this advertisement for warnings, contraindications, and brief summary of prescribing information. 
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- Lopid® (Gemfibrozil Capsules and Tablets) 
_ Before prescribing, please see full prescribing information. 
-A Brief Summary follows. 
_ CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 
2. Preexisting gallbladder disease (See WARNINGS). 
3. Hypersensitivity to gemfibrozil. 
_ WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 


_ Studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 










| developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
_ ducted by the World Health Organization (WHO), 5000 subjects without known cor- 


_ onary heart disease were treated with clofibrate for five years and followed one year 


| due to a 33% increase in noncardiovascular causes, including malignancy, post- 


subjects for gallbladder disease was confirmed. 
. During the Helsinki Heart Study and in the 112 year follow-up period since the trial 
_ was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 


| M the more limited size of the Helsinki Heart Study, this result is not statistically- 


= Separate WHO study. Noncoronary heart disease related mortality showed a 58% 
- greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 


| from malignancies were not statistically 
_ different between Lopid and placebo sub- 
| groups. Follow-up of the Helsinki Heart 
_ Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 
t _ 2. A gallstone prevalence substudy of 450 
_ Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
_ treatment group (7.5% vs 4.9% for the place- 
_ bo group, a 55% excess for the gemfibrozil 
_. group). A trend toward a greater incidence 
_ Of gallbladder surgery was observed for the 
- Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 





tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 


__ with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
| jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 


_ beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
__ treated than in a comparable placebo-treated control group. The excess mortality was 


_ cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 


_ (2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 


-Significantly different from the 29% excess mortality seen in the clofibrate group in the 

____ Inthe Helsinki Heart Study, the incidence of total malignancies discovered during the 
__ trial and in the 1¥2 years since the trial was completed was 39 in the Lopid group and 29 

___ inthe placebo group (difference not statistically significant). This includes 5 basal cell 


_ Carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
_ predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 


OP ID) 
gemfibrozil 


RAISES HDL... DRAMATICALLY 
REDUCES HEART ATTACK 


excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 


_ Studies are indicated. Lopid therapy should be discontinued if gallstones are found. 
3. Since a reduction of mortality from coronary artery disease has not been 


demonstrated and because liver and interstitial cell testicular tumors were increased in 
fats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 


-be discontinued. 


_____ 4 Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
-are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
ry Shang the prothrombin time at the desired level to prevent bleeding complications. 
-Frequent prothrombin determinations are advisable until it has been definitely determined 


_ that the prothrombin level has stabilized. 


5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 


_ rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 


had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
_ therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 


rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 


alone, including Lopid, may occasionally be associated with myositis. Patients receiving 


Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 


medical evaluation for myositis, including serum creatine kinase level determination. If 


myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 


6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 


__ of male rats treated with gemfibrozil at 10 times the human dose. 


PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
__ that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
__ tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 


_ in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 


pa 


= 2 Continued Therapy — Periodic determination of serum lipids should be obtained, 


-andthe drug withdrawn if lipid response is inadequate after 3 months of therapy. 


3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 


~ gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 


combined therapy or after several months. In most subjects who have had an unsatisfac- 


_ tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
_ domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 
_ (B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
_ LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 


COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 


THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 


DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. | 


4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 


-have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 


dose male rats. The incidence of liver carcinomas increased also in low dose males, 


but this increase was not statistically significant (p=0.1). In high dose female rats, there 


was a significant increase in the combined incidence of benign, and malignant liver 


neoplasms. In male and female mice, there were no statistically significant differences 


Lopid® (Gemfibrozil Capsules and Tablets) 


from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in adose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years. 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys: 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med — 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J.-B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Thiazide Diuretics 
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LOZOL’ (indapamide) 
alone 


In long-term clinical trials, 

Lozol has demonstrated little or 
no effect on serum cholesterol 
levels.24* 


Lozol also has minimal impact on 
potassium, with 95% of patients 
showing no clinical hypokalemia 
in a long-term trial.?* 


*Lozol is not a cholesterol-lowering agent, nor has it been 
shown to reduce existing atherosclerotic plaque. 


‘Because of the diuretic effects of Lozol, changes 
in certain electrolytes can occur. Determination of serum 
electrolytes should therefore be performed. 
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LOZOL + ACE inhibitor 


| or calcium antagonist 
if 

i Like ACE inhibitors and 

F. calcium antagonists, Lozol lowers 
E. blood pressure without compro- 
K mising cholesterol or potassium. 
F: That makes Lozol the diuretic to 


3% choose for kindhearted add-on 


©) antihypertensive therapy. 
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oe The diuretic that doesn't 
compromise cholesterol 


Please see brief summary of prescribing information on the following page. 
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Rapid Identification of the Course of Anomalous Coronary 
Arteries in Adults: The ‘‘Dot and Eye” Method 

Harvey Serota, Charles W. Barth, Ill, Carlos A. Seuc, Michel Vandormael, 
Frank Aguirre, and Morton J. Kern 


Because angiography provides a 2-dimensional view of a complex 3- 
dimensional structure, it is often difficult to delineate the true course of 
anomalous coronary arteries by angiography. The purpose of this study 
was to confirm morphologically the radiographic appearance of anoma- 
lous coronary arteries and to construct a protocol for rapid determination 
of the true course of anomalous coronary arteries. Twenty-one adults who 
had anomalous origin of coronary arteries without other evidence of con- 
genital heart disease were reviewed. Using an anatomically correct model 
of the heart, solder wire was placed in the pathologically described anoma- 
lous positions and radiographed. Using this anatomic model, the patholog- 
ically described courses could be easily recognized and separated radio- 
graphically. In 2 patients, these courses were confirmed in the operating 
room. A rare anomaly of posterior origin of a coronary artery was also 
confirmed by autopsy. 


MISCELLANEOUS 
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Doppler Echocardiographic Evaluation of Left Ventricular 
Diastolic Function in Adolescents with Diabetes Mellitus 
Thomas W. Riggs and David Transue 








Doppler echocardiograms of the mitral valve were recorded along with the 
electrocardiogram and respirations from 20 diabetic patients and 16 nor- 
mal subjects, all aged 10 to 15 years. Each of the following was significant- 
ly greater for the normal subjects than for the diabetic patients: peak E (96 
+ 14 vs 81 + 14 cm/s, p <0.005), E/total area (0.74 + 0.04 vs 0.69 + 
0.06, p <0.005) and peak E/A velocity ratio (2.38 + 0.55 vs 1.92 + 0.55, 
p <0.05). The mean heart rates and ages were not significantly different 
for the 2 groups. This study is the first to demonstrate diastolic dysfunction 
in pediatric patients with diabetes and may indicate abnormalities of 
ventricular relaxation or compliance in diabetes mellitus. 


Continued on page A36 
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Rapid heart rate. Increased BP Afthythmia. When the symptoms don’t make 
sense... the reason may be substance abuse. 

Even “occasional” use of cocaine can cause a wide range of physiological and 
psychological symptoms that may mimic systemic disease. Even more frightening is 
the fact that cocaine can cause sudden death, regardless of the dose, blood levels, 


or route of administration. 
Help your patients stop illegal drug use before it stops them. Ask about abuse as a 


routine part of your examination. 
For information, healthcare professionals may call the National Clearinghouse 
for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM— 


4:30 PM EST. 


HELP STOP SUBSTANCE ABUSE. 
ASK THE QUESTIONS. 


Partnership for a Drug-Free America 
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Now, more and more 
cardiologists recommend 
PURITAN’ Oil as part of a 
heart-healthy diet. 


PURITAN is only 6% saturated 
fat-lower than all other types of 
oil, even corn, olive, and safflower. 
Switching to PURITAN is one 
small step your patients can take 
toward reducing saturated fat in 
their diets. For patient education 
materials on more small steps 
toward heart-healthy eating, just 
call 1-800-446-0767 or write to: 
PURITAN Oil Small Steps Program 
DataType International 


145 East 57th Street 
New York, NY 10022 
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PURITAN’. Make it their oil for life. 
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Prognostic Guides in Patients with Idiopathic or Ischemic 
Dilated Cardiomyopathy Assessed for Cardiac Transplantation 
Anne Keogh, David Baron, and John Hickie 


To identify prognostic markers in patients with end-stage dilated cardio- 
myopathy of mixed etiology presenting for assessment for cardiac trans- 
plantation, 232 patients were investigated and followed up for a mean of 
10 + 12 months. Twenty-six parameters were analyzed. On Cox multivar- 
iate regression analysis, 3 parameters predicted survival: New York Heart 
Association symptom class (p <0.0001), pulmonary capillary wedge pres- 
sure (p <0.008) and plasma atrial natriuretic factor (p <0.002). On 
testing of actuarial survival curves, plasma noradrenaline also predicted 
survival (p <0.002) as did radionuclide-determined left ventricular ejec- 
tion fraction <20% (p <0.007) and presence of >4 beats of ventricular 
tachycardia on Holter monitoring (p = 0.007). Treatment with amioda- 
rone did not appear to improve prognosis. Symptom class, wedge pressure, 
ejection fraction and severity of ventricular ectopy do not alone adequately 
differentiate survival in this group of high risk patients. Attention should 
also be paid to plasma noradrenaline and atrial natriuretic factor levels in 
the context of cardiac transplant assessment. 





909 

Effects of Caffeine on Blood Pressure Response During 
Exercise in Normotensive Healthy Young Men 

Bong Hee Sung, William R. Lovallo, Gwendolyn A. Pincomb, and 
Michael F. Wilson 


The combined effects of caffeine and exercise on the cardiovascular sys- 
tem were examined in 34 normotensive young men (mean age 27 3 
years). Each subject performed submaximal and symptom-limited maxi- 
mal supine bicycle exercise 1 hour apart after ingestion of placebo or 
caffeine (3.3 mg/kg). Postdrug baseline showed that caffeine increased 
systolic and diastolic blood pressure (BP) and peripheral vascular resis- 
tance (all p values <0.001) but decreased heart rate (p <0.01). Stroke 
volume and cardiac output were not affected by caffeine. BP and vascular 
resistance effects of caffeine remained during submaximal exercise result- 
ing in an additive increase in BP while negative chronotropic effects of 
caffeine disappeared. All measured cardiac variables were similar at max- 
imal exercise on both days although caffeine caused an excessive BP 
response (2230 and/or 100 mm Hg) for susceptible individuals. The 
pressor effect of caffeine was due to increasing peripheral vascular resis- 
tance rather than cardiac output. Enhanced vascular resistance by caf- 
feine appears to be a direct effect at the blood vessel. 


Continued on page A40 
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WHETHER ISCHEMIA 
STRIKES WITH / ) 
PAINFUL VIOLENCE:.: © > OR TOTAL SILENCE. 


TENORMIN reduces more than just painful myocardial 
ischemia. It reduces painless ischemia as well. Alone or in 
combination regimens, it lowers the total ischemic burden* 
and reduces the need for PRN nitroglycerin.'? 

*The sum of painful and painless episodes. 


In Angina 
ONE TABLETA DAY 


ENORM 


(atenolol) 


PROTECTS TH E HEART. | See adjacent page for brief summary of prescribing information. 
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Protects THe HEART s 
| FROM PAINFUL AND PAINLESS ISCHEMIA. 


ks BRI ; SUMMARY (For full prescribing information, see package insert.) 
NDICATIONS AND USAGE: Hypertension: TENORMIN (atenolol) is indicated in the management of hypertension. It may be 


used alone or concomitantly with other antihypertensive agents, particularly with a thiazide-type diuretic. 
__ Angina Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term management of patients with 
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\cute Myocardial Infarction: TENORMIN is indicated in the management of hemodynamically stable patients with definite or 
suspected acute myocardial infarction to reduce cardiovascular mortality. Treatment can be initiated as soon as the patient’s 
_ _ Clinical condition allows. (See DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS.) In general, there is no 
| bas 5 for treating patients like those who were excluded from the ISIS-1 trial (blood pressure less than 100 mm Hg systolic, heart 
| fate less than 50 bpm) or have other reasons to avoid beta blockade. As noted above, some subgroups (eg, elderly patients with 
im f3 stolic blood pressure below 120 mm Hg) seemed less likely to benefit. 
= CON DICATIONS: TENORMIN is contraindicated in sinus bradycardia, heart block greater than first degree, cardiogenic 
| shock, and overt cardiac failure. (See WARNINGS.) 
j RNINGS: Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory function in congestive heart 
~ re. and beta blockade carries the potential hazard of further depressing myocardial contractility and precipitating more severe 
failure. in hypertensive patients who have congestive heart failure controlled by digitalis and diuretics, TENORMIN should be 
_ administered cautiously. Both digitalis and atenolol slow AV conduction 
| inpatients with acute myocardial infarction, cardiac failure which is not promptly and effectively controlled by 80 mg of 
| intravenous furosemide or equivalent therapy is a contraindication to beta-blocker treatment 
ft Ae in Patients Without a History of Cardiac Failure: Continued depression of the myocardium with beta-blocking agents over a 
| period of time can, in some cases, lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients 

be fully digitalized and/or be given a diuretic and the response observed closely. If cardiac failure continues despite 
ate digitalization and diuresis, TENORMIN should be withdrawn. (See DOSAGE AND ADMINISTRATION.) 


| Cessation of Therapy With TENORMIN: Patients with coronary artery disease, who are being treated with TENORMIN, 
=" a hould be advised against abrupt discontinuation of therapy. Severe exacerbation of angina and the occurrence of 
| Myocardial infarction and ventricular arrhythmias have been reported in angina patients following the abrupt discontinuation 
Lae | -of therapy with other beta blockers. The last two complications may occur with or without preceding exacerbation of the 

| 3 i angina pectoris. To date, there has been no report of myocardial infarction or severe angina upon withdrawal ot TENORMIN, 
f Sa "probably due to its long plasma half-life. Because of the problems encountered with other beta blockers, when 

| discontinuation of TENORMIN is planned, the patients should be carefully observed and advised to limit physical activity 
| x toa minimum. If the angina worsens or acute coronary insufficiency develops, it is recommended that TENORMIN be 

| iA _ promptly reinstituted, at least temporarily, (See DOSAGE AND ADMINISTRATION.) 















i a ome Diseases: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE BETA 
f BLOCKERS. Because of its relative beta, selectivity, however, TENORMIN may be used with caution in patients with 

bror thospastic disease who do not respond to, or cannot tolerate, other antihypertensive treatment. Since beta, selectivity 
eo not absolute, the lowest possible dose of TENORMIN should be used with therapy initiated at 50 mg and a beta,- 

_ Stimulating agent (bronchodilator) should be made available. If dosage must be increased, dividing the dose should be 
considered in order to achieve lower peak blood levels. 
‘hs Anesthesia and Major Surgery: As with all beta-receptor blocking drugs it may be decided to withdraw TENORMIN before 
ys surgery. in this case 48 hours should be allowed to elapse between the last dose and anesthesia. If treatment is continued, care 
a Sl ould be taken when using anesthetic agents which depress the myocardium such as ether, cyclopropane, and trichloroethylene. 
< Additionally, caution should be used when TENORMIN I.V. Injection is administered concomitantly with such agents. 
____TENORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its effects on the heart can be 
< reversed by administration of such agents: eg, dobutamine or isoproterenol with caution (see section on OVERDOSAGE). Mani- 
festations of excessive vagal tone (eg, profound bradycardia, hypotension) may be corrected with atropine (1-2 mg IV). 
_ Diabetes and Hypoglycemia: TENORMIN should be used with caution in diabetic patients if a beta-blocking agent is required. 
Beta blockers may mask tachycardia occurring with hypoglycemia, but other manifestations such as dizziness and sweating may 
Not be significantly affected. TENORMIN does not potentiate insulin-induced hypoglycemia and, unlike nonselective beta 
___ blockers, does not delay recovery of blood glucose to normal levels. 
~ Thyrotoxicosis: Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of hyperthyroidism. Patients 
~~ Suspected of having thyroid disease should be monitored closely when administering TENORMIN I.V. Injection. Abrupt 
withdrawal of beta blockade might precipitate a thyroid storm; therefore, patients suspected of developing thyrotoxicosis from 
__ whom TENORMIN therapy is to be withdrawn should be monitored closely. (See DOSAGE AND ADMINISTRATION.) 

P RE DNS: General: Patients already on a beta blocker must be evaluated carefully before TENORMIN is administered. 
Initial and subsequent TENORMIN dosages can be adjusted downward depending on clinical observations including pulse and 


te 
= 
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-bloog ure. 
g im paired Renal Function: The drug should be used with caution in patients with impaired renal function. (See DOSAGE AND 
~ ADMINISTRATION.) 

Drug Interactions: Catecholamine-depleting drugs (eg, reserpine) may have an additive effect when given with beta-blocking 


agents. Patients treated with TENORMIN plus a catecholamine depletor should therefore be closely observed for evidence of 
ee, _ 


hypotension and/or marked bradycardia which may produce vertigo, syncope, or postural hypotension. 

_ Should it be decided to discontinue therapy in patients receiving beta blockers and clonidine concurrently, the beta blocker 

should be discontinued several days before the gradual withdrawal of clonidine. 

= Caution should be exercised with TENORMIN |.V. Injection when given in close proximity with drugs that may also have a 

Be: depressant effect on myocardial contractility. On rare occasions, concomitant use of intravenous beta blockers and intravenous 
l apamil has resulted in serious adverse reactions, especially in patients with severe cardiomyopathy, congestive heart failure, 

or recent myocardial infarction. 

Information on concurrent usage of atenolol and aspirin is limited. Data from several studies, ie, TIMI-Ii, ISIS-2, currently do 

not suggest any clinical interaction between aspirin and beta blockers in the acute myocardial infarction setting. 
= Carcinogenesis, Mutagenesis, Impairment of Fertility: Two long-term (maximum dosing duration of 18 or 24 months) rat 
£ Studies and one long-term (maximum dosing duration of 18 months) mouse study, each employing oral dose levels as high as 
- 300 mg/kg/day or 150 times the maximum recommended human antihypertensive dose,” did not indicate a carcinogenic 

_ potential in rodents. Results of various mutagenicity studies support this finding. 

__ Fertility of male or female rats (evaluated at dose levels as high as 200 mg/kg/day or 100 times the maximum recommended 

human antihypertensive dose’) was unaffected by atenolol administration. 

Animal Toxicology: Chronic studies employing oral atenolol performed in animals have revealed the occurrence of 

vacuolation of epithelial cells of Brunner’s glands in the duodenum of both male and female dogs at all tested dose levels of 

~ atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended human antihypertensive dose*) and increased 

ncidence of atrial degeneration of hearts of male rats at 300 but not 150 mg atenolol/kg/day (150 and 75 times the maximum 


ertensive dose.” Although similar effects were not seen in rabbits, the compound was not evaluated in rabbits at doses 
jove 25 mg/kg/day or 12.5 times the maximum recommended human antihypertensive dose.* There are no adequate and well- 
controlled studies in pregnant women. TENORMIN should be used during pregnancy only if the potential benefit justifies the 


tial risk to the fetus. 
i Mothers: Atenolol is excreted in human breast milk at a ratio of 1.5 to 6.8 when compared to the concentration in 
plasma. ion should be exercised when TENORMIN is administered to a nursing woman. 
ey, Pe ; Use: Safety and effectiveness in children have not been established. 
= “Based on a 50 kg patient weight. . 
"ADVERSE REACTIONS: Most adverse effects have been mild and transient. Frequency estimates were derived from controlled 
__ Studies in hypertensive patients in which adverse reactions were either volunteered by the patient (US studies) or elicited, eg, by 
checklist (foreign studies). The reported frequency of elicited adverse effects was higher for both TENORMIN and placebo- 
treated patients than when these reactions were volunteered. Where frequency of adverse effects of TENORMIN and placebo is 
similar, causal relationship to TENORMIN is uncertain. 
____ The following adverse-reaction data present frequency estimates in terms of percentages: first from the US studies 
(volunteered side effects) and then from both US and foreign studies (volunteered and elicited side effects): 
-US STUDIES (ATENOLOL, n=164; PLACEBO, n=206 ) (% ATENOLOL-% PLACEBO): 
CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (0%-0.5%). postural hypotension (2%-1%), leg pain (0%-0.5%) 
_ CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0.5%), light-headedness (1%-0%), tired- 
- ness (0.6%-0.5%), fatigue (3%-1%), lethargy (1%-0%), drowsiness (0.6%-0%), depression (0.6%-0.5%), dreaming (0%-0%) 
Be GASTROINTESTINAL: diarrhea (2%-0%), nausea (4%-1%) 
RESPIRATORY (see WARNINGS): wheeziness (0%-0%), dyspnea (0.6%-1%) 
-TOTALS US AND FOREIGN STUDIES (ATENOLOL, n=399; PLACEBO, n=407): 
CARDIOVASCULAR: bradycardia (3%-0%), cold extremities (12%-5%), postural hypotension (4%-5%), leg pain (3%-1%) 
. ___ CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (13%-6%), vertigo (2%-0.2%), light-headedness (3%-0.7% 


"dyspnea (6%-4% 
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CONVENTIONAL THERAPY PLUS ATENOLOL (n=244): bradycardia, 43 (18%); hypotension, 60 (25%); bronchospasm, 
3 (1.2%); heart failure, 46 (19%); heart block, 11 (4.5%); BBB + major axis deviation, 16 (6.6%); supraventricular 
tachycardia, 28 (11.5%); atrial fibrillation, 12 (5%); atrial flutter, 4 (1.6%); ventricular tachyc: 39 (16%); cardiac 
reinfarction, 0 (0%); tow. >ardiac arrests, 4 (1.6%); nonfatal cardiac arrests, 4 (1 -6%); deaths, 7 (2.9%); cardiogenic shock 
1 (0.4%); development of ventricular septal defect, 0 (0%); development of mitral regurgitation, 0 (0%); renal failure, 1 
(0.4%); pulmonary emboli, 3 (1.2%) 

co ONAL THERAPY ALONE (n=233): bradycardia, 24 (10%); hypotension, 34 (15%); bronchospasm, 2 (0.9%); 
heart failure, 56 (24%); heart block, 10 (4.3%); BBB + major axis deviation, 28 (12%); supraventricular tachycardia, 45 
(19%); atrial fibrillation, 29 (11%); atrial flutter, 7 (3%); ventricular tachycardia, 52 (22%); cardiac reinfarction, 6 (2.6%); 
total cardiac arrests, 16 (6.9%); nonfatal cardiac arrests, 12 (5.1%); deaths, 16 (6.9%): cardiogenic shock, 4 (1.7%); 
development of ventricular septal defect, 2 (0.9%); development of mitral regurgitation, 2 (0.9%); renal failure, 0 (0%); 
pulmonary emboli, 0 (0%) 

In the subsequent International Study of Infarct Survival (ISIS-1) including over 16,000 patients of whom 8,037 were 
randomized to receive TENORMIN (atenolol) treatment, the dosage of intravenous and subsequent oral TENORMIN was 
either discontinued or reduced for the following reasons: 


Reasons for Reduced Dosage 
IV Atenolol Oral 
Reduced Dose (<5 mg)” Partial Dose 
Hypotension/Bradycardia 105 (1.3%) 1168 (14.5%) 
Cardiogenic Shock 4 (.04%) 35 (.44%) 
Reinfarction 0 (0%) 5 (.06%) 
Cardiac Arrest 5 (.06%) 28 (34%) 
Heart Block (>first degree) 5 (.06%) 143 (1.7%) 
Cardiac Failure 1 (.01%) 233 (2.9%) 
Arrhythmias 3 (.04%) 22 (.27%) 
Bronchospasm 1 (.01%) 50 (.62%) 


* Full dosage was 10 mg and some patients received less than 10 mg but more than 5 mg. 

POTENTIAL ADVERSE EFFECTS: In addition, a variety of adverse effects have been reported with other beta-adrenergic 
blocking agents, and may be considered potential adverse effects of TENORMIN. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Allergic: Fever, combined with aching and sore throat, laryngospasm, and respiratory distress. 

Central Nervous System: Reversible mental depression progressing to catatonia: visual disturbances; hallucinations; an 
acute reversible syndrome characterized by disorientation of time and place; short-term memory loss; emotional lability witt 
Slightly clouded sensorium; and, decreased performance on neuropsychometrics. 

Gastrointestinal: Mesenteric arterial thrombosis, ischemic colitis. 

Other: Reversible alopecia, Peyronie's disease, erythematous rash, Raynaud’s phenomenon. 

Miscellaneous: There have been reports of skin rashes and/or dry eyes associated with the use of beta-adrenergic 
blocking drugs. The reported incidence is small, and in most cases, the symptoms have cleared when treatment was 
withdrawn. Discontinuance of the drug should be considered if any such reaction is not otherwise explicable, Patients ~ 
should be closely monitored following cessation of therapy. (See DOSAGE AND ADMINISTRATION.) 

The oculomucocutaneous syndrome associated with the beta blocker practolol has not been reported with TENORMIN 
during investigational use and foreign marketing experience. Furthermore, a number of patients who had previously 
demonstrated established practolol reactions were transterred to TENORMIN therapy with subsequent resolution or 
quiescence of the reaction. 

OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information on emergency treatment 
of overdosage is available. The most common effects expected with overdosage of a beta-adrenergic blocking agent are 
bradycardia, congestive heart failure, hypotension, bronchospasm, and hypoglycemia. 

In the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully observed. TENORMIN 
can be removed from the general circulation by hemodialysis. in addition to gastric lavage, the following therapeutic 
measures are suggested if warranted: 

BRADYCARDIA: Atropine or another anticholinergic drug. 

HEART BLOCK (SECOND OR THIRD DEGREE): Isoproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather than isoproterenol or norepinephrine may 
be useful in addition to atropine and digitalis. 

BRONCHOSPASM: Aminophyliine, isoproterenol, or atropine. 

HYPOGLYCEMIA: Intravenous glucose. 

DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN is 50 mg given as one tablet a day either 
alone or added to diuretic therapy. The full effect of this dose will usually be seen within one to two weeks. If an optimal 
response is not achieved, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Increasing the 
dosage beyond 100 mg a day is unlikely to produce any further benefit. 

TENORMIN may be used alone or concomitantly with other antihypertensive agents including thiazide-type diuretics, 
hydralazine, prazosin, and alpha-methyldopa. 

Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet a day. If an optimal response is not achievec 
within one week, the dosage should be increased to TENORMIN 100 mg given as one tablet a day. Some patients may 
require a dosage of 200 mg once a day for optimal effect. 

Twenty-four hour control with once daily dosing is achieved by giving doses larger than necessary to achieve an immediat 
maximum effect. The maximum early effect on exercise tolerance occurs with doses of 50 to 100 mg, but at these doses the 
effect at 24 hours is attenuated, averaging about 50% to 75% of that observed with once a day oral doses of 200 mg. 

Acute Myocardial Infarction: In patients with definite or suspected acute myocardial infarction, treatment with TENORMID 
|.V. Injection should be initiated as soon as possible after the patient's arrival in the hospital and after eligibility is established 
Such treatment should be initiated in a coronary care or similar unit immediately after the patient's hemodynamic condition 
has stabilized. Treatment should begin with the intravenous administration of 5 mg TENORMIN over 5 minutes followed by 
another 5 mg intravenous injection 10 minutes later. TENORMIN I.V. Injection should be administered under carefully 
controlled conditions including monitoring of blood pressure, heart rate, and electrocardiogram. Dilutions of TENORMIN I.V 
Injection in Dextrose Injection USP, Sodium Chloride Injection USP, or Sodium Chloride and Dextrose Injection may be used 
These admixtures are stable for 48 hours if they are not used immediately. 

In patients who tolerate the full intravenous dose (10 mg), TENORMIN Tablets 50 mg should be initiated 10 minutes after 
the last intravenous dose followed by another 50 mg oral dose 12 hours later. Thereafter, TENORMIN can be given orally 
either 100 mg once daily or 50 mg twice a day for a further 6-9 days or until discharge from the hospital. If bradycardia or 
hypotension requiring treatment or any other untoward effects occur, TENORMIN should be discontinued. (See full 
prescribing information prior to initiating therapy with TENORMIN Tablets.) 

Data from other beta blocker trials suggest that if there is any question concerning the use of IV beta blocker or clinical 
estimate that there is a contraindication, the IV beta blocker may be eliminated and patients fulfilling the safety criteria may 
be given TENORMIN Tablets 50 mg twice daily or 100 mg once a day for at least seven days (if the IV dosing is excluded). 

Although the demonstration of efficacy of TENORMIN is based entirely on data from the first seven postinfarction days, 
data from other beta blocker trials suggest that treatment with beta blockers that are effective in the postinfarction setting 
may be continued for one to three years if there are no contraindications. 

TENORMIN is an additional treatment to standard coronary care unit therapy. 

Patients With Renal impairment: Since TENORMIN is excreted via the kidneys, dosage should be adjusted in cases of 
severe impairment of renal function. No significant accumulation of TENORMIN occurs until creatinine clearance falls below 
35 mL/min/1.73 m? (normal range is 100-150 mL/min/1.73 m*); therefore, the following maximum oral dosages are 
recommended for patients with renal impairment.: 


Atenolol 
Creatinine Clearance Elimination Half-Life 
(mL/min/1.73 mê) h Maximum Dosage 
15-35 16-27 50 mg daily 
<15 >27 50 mg every other day 


Patients on hemodialysis should be given 50 mg after each dialysis; this should be done under hospital supervision as 
marked falls in blood pressure can occur. 

Cessation of Therapy in Patients With Angina Pectoris: If withdrawal of TENORMIN therapy is planned, it should be — 
achieved gradually, and patients should be carefully observed and advised to limit physical activity to a minimum. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, 
whenever solution and container permit. 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated in the following situations: - Active internal bleeding + History of cerebrovascu- 
lar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 
WARNINGS) - intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
> with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding fhor controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma * Hypertension: 
systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg « High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis + Subacute bacterial endocarditis + Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction « 
Pregnancy » Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants * Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
CTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under ia vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, Sh that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE™ to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
k= ap ag was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 

Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 
Dose Number of Patients A 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 
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These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been + 


associated with an increase in intracranial bleeding. 


Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled — 


trials'7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 
Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 


dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant — 


therapy with heparin. 


Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 


Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 


inf 
X 
= 


Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during — 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
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vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 


attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 4 


WITH AN INCREASE IN INTRACRANIAL BLEEDING. 
Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
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tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given on 


either during and/or following heparin treatment. 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 


ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 


ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 


Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, iy 
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USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
gee 3 10 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
215 mOsm/kg. 


Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted Meier 


before use. The solution may be used for intravenous administration within 8 hours following recons 


tution when stored between 2-30°C. Before further dilution or administration, the product should be — 


visually inspected for particulate matter and discoloration prior to administration whenever solution and 

container permit. 
ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 

no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 


mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion — 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 
No other medication should be added to infusion solutions containing ACTIVASE® Any unused 


infusion solution should be discarded. 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 
Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 
Do not use beyond the expiration date stamped on the vial. 
ACTIVASE® Alteplase, recombinant 
Manufactured by 
GENENTECH® INC. 
460 Point San Bruno Blvd. 
South San Francisco, CA 94080 
April, 1989 
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The only beta blocker 
as effective as quinidine 


without quinidine complications. 


In randomized, double-blind crossover studies,'? Sectral® (acebutolol HCl) 
was shown to be as effective as quinidine in reducing spontaneous 
premature ventricular contractions (PVCs), exercise-induced PVCs and 
complex PYCs* Unlike quinidine, Sectral® was not associated with drug- 
related gastric discomfort or diarrhea."* Clinical experience in over 1,000 
patients yielded only a 4 percent incidence of diarrhea, constipation or 
flatulence. 












As the investigators commented: “The antiarrhythmic activity of (Sectral®), i 
its ancillary pharmacologic properties, and its tolerance by a diverse 

group of patients make (Sectral®) a significant tool for the clinician in the 
management of chronic arrhythmia.” E 


Like other beta blockers, Sectral® is contraindicated in persistently severe E 
bradycardia, second- and third-degree heart block, overt congestive 3 
heart failure and cardiogenic shock. oa 


Initiate Sectral® therapy with 200 mg b.i.d. Dosage can be increased ; i 
gradually until optimal iS die obtained, generally between 600 mg 4 
to 1200 mg por cay 
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acebutolol HCI 


For uncomplicated control of PVCs. 


| (Brief summary of prescribing information) 


INDICATIONS: SECTRAL is contraindicated in: 1) persistently severe bradycardia; 

NINGS) third-degree heart block; 3) overt cardiac failure; and 4) cardiogenic shock. (See 
| WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the 
culation in individuals with diminished myocardial contractility, and its inhibition by B - 
adrenergic receptor blockade may precipitate more severe failure. Although B -blockers should be 
avoided in overt cardiac failure, SECTRAL can be used with caution in patients with a history of 
failure who are controlled with digitalis and/or diuretics. Both digitalis and SECTRAL 
ir AV conduction. If cardiac failure persists, therapy with SECTRAL should be withdrawn. 
PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral 

fe disease or compromised left ventricular function, continued depression of the myocardium 
ith B -blocking agents over a period of time may lead to cardiac failure. At the first signs of 
(eee eae patients should be digitalized and/or be given a diuretic and the response observed 
’ closely. If cardiac failure continues despite adequate digitalization and/or diuretic, SECTRAL 

_ therapy should be withdrawn. 
| EXACERBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WITHDRAWAL: 
lowing abrupt cessation of therapy with certain B-blocking agents in patients with coronary 
ery disease, exacerbation of angina pectoris and, in some cases, myocardial infarction and 
death have been reported. Therefore, such patients should be cautioned against interruption of 
therapy without a physician's advice. Even in the absence of overt ischemic heart disease, when 
_ discontinuation of SECTRAL is planned, the patient should be carefully observed, and should be 
; ised to limit physical activity to a minimum while SECTRAL is gradually withdrawn over a 

od of about two weeks. (If therapy with an alternative B-blocker is desired, the patient may be 
_ transferred directly to comparable doses of another agent without interruption of B-blocking 
_ therapy). If an exacerbation of angina pectoris occurs, anti-anginal therapy should be restarted 
immediately in full doses and the patient hospitalized until his condition stabilizes. 
_ PERIPHERAL VASCULAR DISEASE: Treatment with B antagonists reduces cardiac output and 
* precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or 
nteric vascular disease. Caution should be exercised with such patients and they should be 
rved closely for evidence of progression of arterial obstruction. 
RONCHOSPASTIC DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN 
IERAL, NOT RECEIVE AB-BLOCKER. Because of its relative B ,-selectivity, however, low 
ses of SECTRAL may be used with caution in patients with bronchospastic disease who do not 
pond to, or who cannot tolerate, alternative treatment. Since B ,-selectivity is not absolute and 
pse-dependent, the lowest possible dose of SECTRAL should be used initially, preferably in 
‘ ded doses to avoid the higher plasma levels associated with the longer dose-interval. A 
br ilator, such as a theophylline or a B ,~stimulant, should be made available in advance 
‘ch instructions concerning its use. 


_ ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B - 
__ blocking therapy prior to major surgery is controversial. B -adrenergic receptor blockade impairs 
ae e ability of the heart to respond to B -adrenergically mediated reflex stimuli. While this might be of 
benefit in preventing arrhythmic response, the risk of excessive myocardial depression during 
eral anesthesia may be enhanced and difficulty in restarting and maintaining the heartbeat has 
reported with beta-blockers. If treatment is continued, particular care should be taken when 
rap agents which depress the myocardium, such as ether, cyclopropane and 
ichlorethylene, and it is prudent to use the lowest possible dose of SECTRAL. SECTRAL., like 
rover B-blockers, is a competitive inhibitor of B-receptor agonists and its effect on the heart can be 
reversed by cautious administration of such agents (e.g., dobutamine or isoproterenol—see 
OVERDOSE). Manifestations of excessive vagal tone (e.g., profound bradycardia, hypotension) 
may be corrected with atropine 1 to 3 mg i.v. in divided doses. 
| DIABETES AND HYPOGLYCEMIA: B -blockers may potentiate insulin-induced hypoglycemia and 
_ mask some of its manifestations such as tachycardia; however, dizziness and sweating are usually 
not significantly affected. Diabetic patients should be warned of the possibility of masked 
y ia 


` 


_ THYROTOXICOSIS: B -adrenergic blockade may mask certain clinical signs (tachycardia) of 

_ hyperthyroidism. Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, 
‘patients suspected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn 
_ should be monitored closely. 

PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
‘in patients with renal insufficiency have not been performed in the U.S. Foreign published 
‘experience shows that acebutolol has been used successfully in chronic renal insufficiency. 
Acebutolo! is excreted through the G.I. tract, but the active metabolite, diacetolol, is eliminated 
_ predominantly by the kidney. There is a linear relationship between renal clearance of diacetolol 
b) creatinine clearance. Therefore, the daily dose of acebutolol should be reduced by 50% when 
| the creatinine clearance is less than 50 mL/min and by 75% when it is less than 25 mL/min. 
SECTRAL should be used cautiously in patients with impaired hepatic function, 

_ SECTRAL has been used successfully and without problems in elderly patients in the U.S. 
inical trials without specific adjustment of dosage. However, elderly patients may require lower 

_ maintenance doses because the bioavailability of both SECTRAL and its metabolite are 
| approximately doubled in this age group. 

_ CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with 
_ the development of antinuclear antibodies (ANA). In prospective clinical trials, patients receiving 
SECTRAL had a dose dependent increase in the development of positive ANA titers and the overall 
_ incidence was higher than that observed with propranolol. Symptoms (generally persistent 


gs). Symptoms and ANA titers were reversible upon discontinuation of treatment. 
NFORMATION FOR PATIENTS; Patients, especially those with evidence of coronary artery 
pean, should be warned against interruption or discontinuation of SECTRAL therapy without a 

Pp ysician's supervision. Although cardiac failure rarely occurs in properly selected patients, those 

K being reated with B-adrenergic blocking agents should be advised to consult a physician if they 

_ develop signs or symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

_ Patients should also be warned of possible severe hypertensive reactions from concomitant use 
of a-adrenergic stimulants such as the nasal decongestants commonly used in OTC cold 

_ preparations and nasal drops. 


Fi DRUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an 
additive effect when given with B-blocking agents. Patients treated with SECTRAL plus 
catecholamine depletors should, therefore, be observed closely for evidence of marked 
yradycardia or hypotension which may present as vertigo, syncope/pre-syncope, or ortho- 
tatic changes in blood pressure without compensatory tachycardia. Exaggerated hypertensive 
esponses have been reported from the combined use of B-adrenergic antagonists and a- 
adrenergic stimulants, including those contained in proprietary cold remedies and vaso- 
constrictive nasal drops. Patients receiving B -blockers should be warned of this potential 
: rd. No significant interactions with digoxin, hydrochlorothiazide, hydralazine, 
_sulfinpyrazone, oral contraceptives, tolbutamide or warfarin have been observed. 
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity 
Studies in rats and mice, employing dose levels as high as 300 mg/kg/day, which is equivalent 
to 15 times the maximum recommended (60 kg) human dose, did not indicate a carcinogenic 
potential for SECTRAL (acebutolol HCI). Diacetolol, the major metabolite of SECTRAL in man, 
was without carcinogenic potential in rats when tested at doses as high as 1800 mg/kg/day. 
SECTRAL and diacetolol were also shown to be devoid of mutagenic potential in the Ames 
Test. SECTRAL, administered orally to two generations of male and female rats at doses of up 
to 240 mg/kg/day [equivalent to 12 times the maximum recommended therapeutic dose in (a 
60 kg) man] and diacetolol, administered to two generations of male and female rats at doses 
of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been 
performed with SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 
3 times the maximum recommended therapeutic dose in (a 60 kg) man. Studies have also been 
performed in these species with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up 
to 1800 mg/kg/day in rats). Other than a significant elevation in postimplantation loss with 450 
mg/kg/day diacetolol, a level at which food consumption and body weight gain was reduced in 
rabbit dams and a non-statistically significant increase in incidence of bilateral cataract in rat 
fetuses from dams treated with 1800 mg/kg/day diacetolol, there was no evidence of harm to 
the fetus with either drug. There are no adequate and well-controlled trials in pregnant women 
in the U.S.; however, studies have shown that both acebutolol and diacetolol cross the placenta. 
Because animal teratology studies are not always predictive of the human response, SECTRAL 
should be used during pregnancy only if the potential benefit justifies the risk to the fetus. 
Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is 
unknown, Studies in animals have not shown any effect of SECTRAL on the usual course of 
labor and delivery. 

Nursing Mothers: Acebutolol and diacetolo! also appear in breast milk with a milk:plasma ratio 
of 7.1 and 12.2, respectively. Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as 
duration of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from 

controlled clinical trials in patients with hypertension, angina pectoris, and arrhythmia. These 
patients received SECTRAL, propranolol, or hydrochiorothiazide as monotherapy, or placebo. 


TOTAL VOLUNTEERED AND ELICITED (U.S. STUDIES) 


SECTRAL 
(N=1002) 


Hydrochlioro- 
thiazide 
(N=178) 

% 


Propranolol 
(N=424) 
% 


Body System/ 
Adverse Reaction 


Placebo 
(N=314) 











Cardiovascular 
Chest Pain 2 
Edema 2 
Central Nervous System 
Depression 2 
Dizziness 6 
Fatigue 11 
Headache 6 
Insomnia 3 
Abnormal 
dreams 2 
Dermatologic 
Rash 2 
Gastrointestinal 
Constipation 4 
Diarrhea 4 
4 
3 
4 


Na 
aa 
-i 
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Dyspepsia 
Flatulence 
Nausea 
Genitourinary 
Micturition 3 
(frequency) 
Musculoskeletal 
Arthralgia 
Myalgia 
Respiratory 
Cough 1 2 
Dyspnea 4 6 4 
Rhinitis 2 4 
Special Senses 
Abnormal Vision 2 2 3 0 
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The following selected (potentially important) side effects were seen in up to 2% of 
SECTRAL patients: Cardiovascular. hypotension, bradycardia, heart failure. Central Nervous 
System: anxiety, hyper/hypoesthesia, impotence. Dermatological: pruritus. Gastrointestinal: 
vomiting, abdominal pain. Genitourinary: dysuria, nocturia. Musculoskeletal: back pain, joint 
pain. Respiratory: pharyngitis, wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of drug-related adverse effects (volunteered and solicited) according to 
SECTRAL dose is shown below. (Data from 266 hypertensive patients treated for 3 months on 
a constant dose.) 





400 mg/ 800 mg/ 1200 mg/ 
day day day 

Body System (N=132) (N=63) (N=71) 
Nee ea ee E Ne ee S a o 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 








POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have 
been reported with other B -blocking agents and should also be considered as potential adverse 
effects of SECTRAL. 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute 
syndrome characterized by disorientation for time and place), short-term memory loss, 
emotional lability, slightly clouded sensorium, and decreased performance 
(neuropsychometrics). 

Cardiovascular. Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and 
respiratory distress. 

Hematologic: Agranulocytosis, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal. Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous 
syndrome associated with the B-blocker practolol has not been reported with SECTRAL during 
investigational use and extensive foreign clinical experience. i 


Keep at room temperature. Approximately 25°C (77°F). 


*Sectral ” is not indicated in ventncular tachycardia 
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ASOTEC” (Enalapril Maleate, MSD) 
s generally well tolerated and 
ot characterized by certain 
ndesirable effects associated 
ith selected agents in other 
antihypertensive classes. 


ASOTEC is contraindicated in patients who are 
ypersensitive to this product and in patients with a 
story of angioedema related to previous treatment 

vith an ACE inhibitor. 

\ diminished antihypertensive effect toward 
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ii (ENALAPRIL MALEATE| MSD) 
i _ VASOTEC is available in 2.5-mg, 5-mg, 10-mg, and 20-mg tablet strengths. 


í U 
Pa -Contraindications: VASOTEC® (Enalapril Maleate, MSD) is contraindicated in patients who are hypersensitive to 
-this product and in patients with a history of angioedema related to previous treatment with an ACE inhibitor. 

_ Warnings: Angiozdema: Angioedema of the face, extremities, lips, tongue, aots and/or larynx has been reported in 
"patients treated with ACE inhibitors, including VASOTEC. In such cases, VASOTEC should be promptly discontinued 
~ andthe patient puy observed until the swelling disappears. In instances where swelling has been confined to the 
~ face and lips, the condition has generally resolved without treatment, although antihistamines have been useful in 
nR io ‘symptoms. ps vial teen toe laryngeal yl fg! be fatal. me we sek . 
= epin hr ve solution 1:1000 (0.8 mL to oS mL), should be promptly administered. (See ADVERSE 
Nl Hypotension Excessive hypotension is rare in uncomplicated hypertensive patients treated with VASOTEC alone. 

F with heart failure given VASOTEC commonly have some reduction in blood pressure, especially with the first 


aa - dose, but discontinuation of therapy for continuing symptomatic hypotension usually is not necessary when dosing 
instructions are followed; caution should be observed when initiating therapy. (See DOSAGE AND ADMINISTRA- 
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oN) Patients at risk for excessive hypotension, sometimes associated with oliguria and/or progressive azotemia 
-and rarely with acute renal failure and/or death, include those with the following conditions or characteristics: heart 
failure, hyponatremia, high-dose diuretic therapy, recent intensive diuresis or increase in diuretic dose, renal dialysis, 
Or Severe volume and/or salt depletion of any etiology. It may be advisable to eliminate the diuretic (except in patients 
with heart =e: reduce the diuretic dose, or increase salt intake cautiously before initiating therapy with VASOTEC 

; cae patients at risk for excessive hypotension who are able to tolerate such adjustments. (See PRECAUTIONS, Drug 

-Interactions and ADVERSE REACTIONS.) In patients at risk for excessive hypotension, therapy should be started under 
Very close medical supervision and such patients should be followed closely for the first two weeks of treatment and 
ihenever the dose of enalapril and/or diuretic is increased. Similar considerations may apply to patients with isch- 

ic heart disease or cardiovascular disease in whom an excessive fall in blood presun could result in a myocardial 
infarction or cerebrovascular accident. If excessive hypotension occurs, the patient should be placed in the supine 
position and, if necessary, receive an intravenous infusion of normal saline. A transient hypotensive responso is nota 
y7 _Contraindication to further doses of VASOTEC, which usually can be given without ep once the blood pressure 
= hasstabilized. If symptomatic hypotension develops, a dose reduction or discontinuation of VASOTEC or concomitant 
= diuretic may be necessary. 

S Neutropenia/Agranulocytosis: Another ACE inhibitor, captopril, has been shown to cause agranulocytosis and bone 
marrow depression, rarely in uncomplicated patients but more fr uoni in patients with renal impairment, especially 
if they also have a collagen vascular disease. Available data from clinical trials of enalapril are insufficient to show that 
= enalapril does not cause agranulocytosis at similar rates. Foreign marketing experience has revealed several cases of 
= Neutropenia or agranulocytosis in which a causal relationship to enalapril cannot be excluded. Periodic monitoring of 
~ white blood cell counts in patients with collagen vascular disease and renal disease should be considered. 


Precautions: General: ep govt Renal Function: As a consequence of inhibiting the renin-angiotensin-aldosterone 
ms : in renal function may be pie gp in susceptible individuals. In patients with severe heart failure 
whose renal function ney. nd on the activity of the renin-angiotensin-aldosterone system, treatment with ACE 

car , including , May be associated with oliguria and/or progressive azotemia and rarely with acute 

- inhibitors, including VASOTE be ted with ol d/ t d rarely with acut 
~ renal failure and/or death. 

= in clinical studies in hypertensive patients with unilateral or bilateral renal artery stenosis, increases in blood urea 

= Nitrogen and serum creatinine were observed in 20% of patients. These increases were almost always reversible upon 
[ai uation of enalapril and/or diuretic therapy. In such patients, renal function should be monitored during the 

Some patients with hypertension or heart failure with no apparent preexisting renal vascular disease have developed 
__ increases in blood urea and serum creatinine, usually minor and transient, especially when VASOTEC has been given 

-Concomitantly with a diuretic. This is more likely to occur auai with preexisting renal impairment. Dosage 

reduction and/or discontinuation of the diuretic and/or VASOTEC may be required 


o By of patients with ion or heart failure should always include assessment of renal 
teen tpt wt 


INISTRATION.) 
= Hyperkalemia: Elevated serum potassium (>5.7 mEq/L) was observed in approximately 1% of hypertensive patients 
in clinical trials. In most cases these were isolated values which resolved despite continued therapy. Hyperkalemia 
ae pasa Cause of discontinuation of therapy in 0.28% of hypertensive patients. In clinical trials in heart failure, hyper- 
ete ia was Observed in 3.8% of patients, but was not a cause for discontinuation. 


_ Risk factors for the development of hyperkalemia include renal insufficiency, diabetes mellitus, and the concomitant 
__ use of potassium-sparing diuretics, potassium supplements, and/or potassium-containing salt substitutes, which 
should be used cautiously, if at all, with VASOTEC. (See Drug Interactions.) 


= _ Surgery/Anesthesia: In patients undergoing major surgery or during anesthesia with agents that poet hypotension, 
ril may block angiotensin II formation secondary to compensatory renin release. If hypotension occurs and is 
_ considered to be due to this mechanism, it can be corrected by volume expansion. 


YT ; 
Information for Patients: 
= ÀNGI - Angioedema, including laryngeal edema, may occur especially following the first dose of enalapril. 
“he ; Patents should $0 advised and told to report immediately any signs or yie suggesting angioedema (swell- 
ing of face, extremities, eyes, lips, tongue, difficulty in swallowing or breathing) and to take no more drug until they 
~ have consulted with the prescribing physician 
hy Se pled Patients should be cautioned to report gabe alr especially during the first few days of therapy. If 
-actual syncope occurs, the patients should be told to discontinue the drug until they have consulted with the prescrib- 
-ing physician. 
= All patients should be cautioned that excessive perspiration and dehydration may lead to an excessive fall in blood 
~ pressure because of reduction in fluid volume. Other causes of volume depletion such as vomiting or diarrhea may 
Be also lead to a fall in blood pressure; patients should be advised to consult with the physician. 


My ‘ied Patients should be told not to use salt substitutes containing potassium without consulting their 


/ hi 
4U 
-A . 

































Neutropenia: Patients should be told to report promptly any indication of infection (e.g., sore throat, fever) which may 
be a sign of neutropenia. 


pe NOTE: As with many other drugs, certain advice to patients being treated with enalapril is warranted. This information 
Lb Anni nigh in the safe and effective use of this medication. It is not a disclosure of all possible adverse or 
-intended effects. 


Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy was 
~ recently instituted may occasionally caper ence an excessive reduction of blood pressure after initiation of oes 
g “ th enalapril. The possibility of hypotensive effects with enalapril can be minimized by either discontinuing t 
E c or increasing the salt intake prior to initiation of treatment with enalapril. If it is necessary to continue the 
= diuretic, provide close medical supervision after the initial dose for at least two hours and until blood pressure has 
_ Stabilized for at least an additional hour. (See WARNINGS and DOSAGE AND ADMINISTRATION.) 

Age sisiy Renin Release: The antihypertensive effect of VASOTEC is augmented by antihypertensive agents that 

~ Cause renin release (e.g., diuretics). 

Other Cardiovascular Agents: VASOTEC has been used concomitantly with beta-adrenergic-blocking agents, methyl- 
dopa, nitrates, calcium-blocking agents, hydralazine, prazosin, and digoxin without evidence of clinically significant 
adverse interactions. 

Agents Increasing Serum Potassium: VASOTEC attenuates poesian loss caused by thiazide-type diuretics. 

 — Potassium-sparing diuretics eg. spironolactone, triamterene, or amiloride), pofassium supplements, or 

tassium-containing salt substitutes may lead to significant increases in serum potassium. Therefore, if concomi- 
of these agents is indicated because of demonstrated hypokalemia, they should be used with caution and 
with frequent monitoring of serum pougnun: Potassium-sparing agents should generally not be used in patients 

_ with heart failure receiving VASOTEC. 


Lithium: Lithium toxicity has been rep in patients receivin lithium concomitantly with drugs which cause elim- 
he 1 of sodium, including ACE inhibitors. A f 
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p ew cases of lithium toxicity have been reported in patients Leer. 

once EC and lithium and were reversible upon discontinuation of both drugs. It is recommended t 

AA lithium levels be monitored frequently if enalapril is administered concomitantly with lithium. 

tT y- Category C: There was no fetotoxicity or teratogenicity in rats treated with up to 200 mg/kg/day of enalapril 

Gimes the maximum human dose). Pat icity, ain) as a decrease in average fetal Megh, occurred 
-10 rats given 1200 mg/kg/day of enalapril but did not occur when these animals were Supplemented with saline, 


been clearly defined, VASOTEC® (Enalapril Maleate, MSD) should be used during pregnancy only if the potential ben- 

efit justifies the potential rk to fe or yak, be va 

Postmarketing experience with all ACE inhibitors thus far Suggests the following with rogar to p cy outcome. 

Inadvertent exposure limited to the first trimester of pregnancy has not been reported to affect fetal outcome adversely. 

bg le ane the second and third trimesters of pregnancy has been associated with fetal and neonatal mor- 
idi ily. 


When ACE inhibitors are used during the later stages of pregnancy, there have been reports of hypotension and 
decreased renal perfusion in the newborn. Oligohydramnios in the mother has also been Toora presumably repre- 
senting decreased renal function in the fetus. Infants exposed in utero to ACE inhibitors should be closely observed 
for hypotension, oliguria, and hyperkalemia If oliguria occurs, attention should be directed toward support of blood 
pressure and renal perfusion with the administration of fluids and pressors as appropriate. Problems associated with 
prematurity such as patent ductus arteriosus have occurred in association with maternal use of ACE inhibitors, but it 
is not clear whether they are related to ACE inhibition, maternal hypertension, or the underlying prematurity. 


Nursing Mothers: Milk in lactating rats contains radioactivity following administration of '4C enalapril maleate. It is not 
known whether this drug is secreted in human milk. Because many drugs are secreted in human milk, caution should 
be exercised when VASOTEC is given to a nursing mother. 


Pediatric Use: Safety and effectiveness in children have not been established. 


Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, including over 1000 
atients treated for one year or more. VASOTEC has been found to be generally well tolerated in controlled clinical 
rials involving 2987 patients. 


HYPERTENSION: The most frequent clinical adverse experiences in controlled trials were: headache (5.2%), dizziness 
(4.3%), and fatigue (3%). 


Other adverse experiences osoumiegih greater than 1% of patients treated with VASOTEC in controlled clinical trials 
were: diarrhea (1.4%), nausea (1.4%), rash (1.4%), cough (1.3%), orthostatic effects (1.2%), and asthenia (1.1%). 


HEART FAILURE: The most oguen! clinical adverse experiences in both controlled and uncontrolled trials were: dizzi- 
ee ME prem (6.7%), orthostatic effects (2.2%), syncope (2.2%), cough (2.2%), chest pain (21%), and 
iarr 1%). 


Other adverse experiences occurring in greater than 1% of patients treated with VASOTEC in both controlled and 
uncontrolled clinical trials were: fatigue (1.8%), headache (1.8%), meedio opt (1.6%), asthenia (1.6%), orthosta- 
tic hypotension (1.6%), vertigo (1.6%), angina pectoris (1.5%), nausea (1.3%) vonina sis) bronchitis (1.3%), 
dyspnea (1.3%), urinary tract infection (1.3%), rash (1.3%), and myocardial infarction (1.2%). 


Other serious Clinical adverse experiences occurring since the drug was marketed or adverse experiences peur 
in “Se to 1% of patients with hypertension or heart failure in clinical trials in order of decreasing severity within eac 
category: 

Cardiovascular: Cardiac arrest; myocardial infarction or cerebrovascular accident, possibly secondary to excessive 
hypotension in high-risk patients (see WARNINGS, Hy ); pulmonary embolism and infarction; pulmonary 
edema; rhythm disturbances, atrial fibrillation; palpitation. 


Digestive: Ileus, pancreatitis, hepatitis (hepatocellular or cholestatic jaundice), melena, anorexia, dyspepsia, con- 
stipation, glossitis, stomatitis, dry mouth. 


Musculoskeletal: Muscle cramps. 

Nervous/Psychiatric: Depression, confusion, ataxia, somnolence, insomnia, nervousness, paresthesia. 

Urogenital’ Renal failure, oliguria, renal dysfunction (see PRECAUTIONS and DOSAGE AND ADMINISTRATION). 
Respiratory: Bronchospasm, rhinorrhea, sore throat and hoarseness, asthma, upper respiratory infection. 


Skin: Extoliative dermatitis, toxic epidermal necrolysis, Stevens-Johnson syndrome, herpes zoster, erythema multi- 
forme, urticaria, pruritus, alopecia, flushing, hyperhidrosis. 


Special Senses: Blurred vision, taste alteration, anosmia, tinnitus, conjunctivitis, dry eyes, tearing. 


A symptom complex has been reported which may include a positive ANA, an elevated erythrocyte sedimentation rate, 
arthralgias/arthritis, myalgias, fever, serositis, vasculitis, leukocytosis, eosinophilia, photosensitivity, rash, and other 
dermatologic manifestations. 


Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.2%). Angioedema associated with 
laryngeal edema may be fatal. If angioedema of the face, extremities, lips, tongue, glottis, and/or larynx occurs, treat- 
ment with VASOTEC should be discontinued and appropriate therapy instituted immediately. (See WARNINGS.) 


ension: In the hypertensive patients, it sel occurred in 0.9% and syncope occurred in 0.5% of patients 
following the initial dose or during extended therapy. Hypotension or syncope was a cause for discontinuation of ther- 
apy in 0.1% of hypertensive patients. In heart failure patients, hypotension occurred in 6.7% and syncope occurred in 
2.2% of parens, kgotanson or syncope was a cause for discontinuation of therapy in 1.9% of patients with heart 
failure. (See WARNINGS.) 


Clinical Laboratory Test Findings: 
Serum Electrolytes: Hyperkalemia (see PRECAUTIONS), hyponatremia. 


Creatinine, Blood Urea Nitrogen: In controlled clinical trials, minor increases in blood urea nitrogen and serum cre- 
atinine, reversible upon discontinuation of therapy, were observed in about 0.2% of patients with essential hyperten- 
sion treated with VASOTEC alone. Increases are more likely to occur in patients receiving concomitant diuretics or in 
patients with renal artery stenosis. (See PRECAUTIONS.) In patients with heart failure who were also receiving 
diuretics with or without digitalis, increases in blood urea nitrogen or serum creatinine, usually reversible upon dis- 
continuation of VASOTEC and/or other concomitant diuretic therapy, were observed in about 11% of patients. 
Increases in blood urea nitrogen or creatinine were a cause for discontinuation in 1.2% of patients. 


ite ek and Hematocrit: Small decreases in hemoglobin and hematocrit (mean decreases of ap idle 
0.3 ‘i and 1.0 vol %, respectively) occur frequently in either hypertension or heart failure patients treated wi 
VASOTEC but are rarely of clinical importance unless another cause of anemia coexists. In clinical trials, less than 
0.1% of patients discontinued therapy due to anemia. 


Other (Causal Relationship Unknown): \n marketing experience, rare cases of neutropenia, thrombocytopenia, and 

pd marrow depression have been reported. A few cases of hemolysis have been reported in patients with G6PD 
iciency. 

Liver Function Tests: Elevations of liver enzymes and/or serum bilirubin have occurred. 


Dosage and Administration: Hypertension: In patients who are currently being treated with a diuretic, symptomatic 
hypotension occasionally may occur following the initial dose of VASOTEC. The diuretic should, if possible, be dis- 
continued for two to three a before beginning hengy with VASOTEC to reduce the likelihood of hypotension. (See 
WARNINGS.) If the patient's blood pressure is not controlled with VASOTEC alone, diuretic therapy may be resumed. 


if the diuretic cannot be discontinued, an initial dose of 2.5 mg should be used under medical supervision for at least 
two hours and until blood pressure has stabilized for at least an additional hour. (See WARNINGS and PRECAU- 
TIONS, Drug Interactions.) 


The recommended initial dose in patients not on diuretics is 5 mg once a day. Dosage should be we te according 
to blood pressure response. The usual dosage range is 10 to 40 mg per my administered in a single dose or in two 
divided doses. In some patients treated once daily, the antihypertensive effect may diminish toward the end of the 
dosing interval. In such patients, an increase in dosage or twice-daily administration should be considered. If blood 
pressure is not controlled with VASOTEC alone, a diuretic may be added. 


Concomitant administration of VASOTEC with potassium supplements potassium Salt substitutes, or potassium- 
sparing diuretics may lead to increases of serum potassium (see PRECAUTIONS). 


Dosage Adjustment in Hypertensive Patients with Renal Impairment: The usual dose of enalapril is recommended for 
patients with a creatinine clearance > 30 mL/min (serum creatinine of Wp to paola 3 mod: For patients 
with creatinine clearance = 30 mL/min (serum creatinine = 3 mg/dL), the first dose is 2.5 mg once daily. The dosage 
may be titrated upward until blood pressure is controlled or to a maximum of 40 mg daily. 


Heart Failure: VASOTEC is indicated as adjunctive therapy with diuretics and digitalis. The recommended startin 

dose is 2.5 mg once or twice daily. After the initial dose of VASOTEC, the patient should be observed under medica 

agavin for at least two hours and until blood pressure has stabilized for at least an additional hour. (See WARN- 

INGS and PRECAUTIONS, Drug Interactions.) It possible, the dose of the diuretic should be reduced which yin 

diminish the likelihood of hypo ension. The appearance of after the initial dose of VASOTEC does no 

preclude subsequent careful dose titration with the drup, ir owing effective management of the fypoieneion- Ihe 
ilu 


. patients were treated with 2.5 to 40 m 
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Adjustment in Patients with Heart Failure and Renal impairment or Hyponatremia: in ey sul bn 
who have hyponatremia (serum sodium < 130 mEq/L) or with serum creatinine >1.6 therapy should be initi- 
sod a 5 aly under cose medial supervision (See DOSAGE AND ADMINISTRATION, Heat’ n 
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THE TRUTH ABOUT ASPIRIN: 








ECOTRIN. 
Recommend 


Cardiologists. 
over Bayer aspirin. 
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Artist's depiction of platelets and red blood cells within the walls of a vessel 


Effectively inhibits 

platelet aggregation. 

A recent study’ has shown that 
ECOTRIN inhibits platelet aggrega- 
tion to the same degree as plain 
aspirin. Daily use of ECOTRIN offers 
important cardioprotective benefits 
in patients with unstable angina or 
history of myocardial infarction. 


Enteric-coated to spare the 
stomach. 

While even low doses of plain 
aspirin can significantly damage Gl 
mucosa,* ECOTRIN, at doses up 

to 4 g/day, is proven superior to 
plain, buffered, and highly buffered 
aspirin.* That’s because ECOTRIN 

is enteric-coated aspirin. ECOTRIN 
is released in the duodenum, so 
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Usefulness of the Dipyridamole-Doppler Test 
for Diagnosis of Coronary Artery Disease 
Luciano Agati, MD, Luciano Arata, MD, Carlo Peraldo Neja, MD, Carla Manzara, MD, 


Carlo lacoboni, MD, Carmine D. Vizza, MD, Maria Penco, MD, Francesco Fedele, MD, 
and Armando Dagianti, MD 


Two-dimensional and Doppler echocardiographic 


studies and a hemodynamic investigation were per- 
formed during dipyridamole testing in 42 subjects 
(13 control subjects and 29 patients with coronary 
artery disease [CAD)]), to evaluate the ability of 
dipyridamole Doppler echocardiography in identify- 
ing patients with ischemic left ventricular dysfunc- 
tion. In the control group, after dipyridamole infu- 
sion, Doppler-derived parameters increased signifi- 
cantly from baseline (p <0.001). In patients with 
CAD, peak flow velocity, flow velocity integral and 
stroke volume failed to increase after dipyridamole 
infusion (0.89 + 0.21 to 0.85 + 0.18 m/s, differ- 
ence not significant; 14 + 3 to 12 + 4 cm, differ- 
ence not significant, and 56 + 13 to 50 + 14 ml/ 
beat, p <0.05, respectively). Heart rate, rate pres- 
sure product, systemic vascular resistance and 
mean right atrial pressure had similar variations in 
the 2 groups. Changes in the 3 Doppler-derived 
parameters are closely related to the variations of 
peak positive dP/dt, stroke volume (thermodilution) 
and left ventricular end-diastolic pressure and are 
closely related to the coronary angiography jeopar- 
dy score and to the appearance of wall motion ab- 
normalities. Thus, by combining Doppler and 2-di- 
mensional echocardiography, dipyridamole-induced 
myocardial ischemia may be detected in a high per- 
centage of CAD patients, providing a sensitive tool 
for identifying patients with high-risk coronary 
artery anatomy. 

(Am J Cardiol 1990;65:829-834) 
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shown to be a useful method for estimating left 

ventricular systolic function. Both peak velocity 
and peak acceleration of ascending aortic flow are di- 
rectly related to the left ventricular performance and 
are reduced when myocardial contractility is impaired 
by myocardial ischemia.!-!! The ideal test to detect the 
effects of myocardial ischemia on aortic blood flow 
should induce small changes in heart rate, and should 
be independent from the overall exercise capacity. Thus, 
the injection of a coronary artery vasodilator could be a 
useful alternative method for evaluating patients with 
suspected coronary artery disease (CAD). Limited in- 
formation is available regarding changes in aortic blood 
flow during dipyridamole testing.'* This study was 
undertaken to determine the ability of dipyridamole- 
Doppler echocardiography to detect myocardial isch- 
emia in patients with CAD and to define the relation 
between changes in Doppler echocardiographic parame- 
ters and conventional invasive indexes of left ventricular 
performance. 


R io Doppler echocardiography has been 


METHODS 

Study patients: Twenty-six men and 16 women un- 
dergoing diagnostic coronary angiography for a chest 
pain syndrome were enrolled in the study. Thirteen pa- 
tients (group I—mean age 50 + 7 years, range 38 to 
58) had normal coronary arteries and were used as a 
control group; 29 patients (group II—mean age 52 + 9 
years, range 38 to 68) had significant coronary artery 
disease (275% stenosis of at least 1 major coronary ar- 
tery). None of the selected subjects had prior myocardi- 
al infarction, valvular heart disease, myocardial hyper- 
trophy, congestive heart failure or rhythm disturbances. 
At rest, wall motion detected by 2-dimensional echocar- 
diography was normal in all patients. Informed consent 
was obtained from all patients. 

Dipyridamole test: Cardioactive drugs, except sub- 
lingual nitrates, were discontinued for at least 3 days 
before dipyridamole testing. No smoking, tea or coffee 
was allowed on the day of the test. All patients received 
0.6 mg/kg dipyridamole intravenously over 4 minutes. 
The heart rate, blood pressure and 12-lead electrocar- 
diogram were continuously monitored after the dipyrid- 
amole infusion started, and throughout the test. In all 
patients 2-dimensional and Doppler echocardiography 
were repeatedly recorded throughout the test up to 15 
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minutes after the end of dipyridamole infusion using 
a wide-angle, mechanical imaging system (Diasonics 
DRF400). In 29 subjects it was possible to perform 
a simultaneous hemodynamic and echocardiographic 
study during the test. If chest pain, nausea or vomiting 
occurred during the test, 250 mg of intravenous ami- 
nophylline was administered. In these cases all measure- 
ments were performed before aminophylline adminis- 
tration. Hemodynamic, echocardiographic and Doppler 
recordings were blindly analyzed by 2 independent ob- 
servers. 

DOPPLER STUDY: Blood flow through the aortic valve 
was studied using a continuous-wave transducer operat- 
ing at 3.5 MHz, positioned at the cardiac apex, with the 
patient in a steep left lateral decubitus position. The 
transducer was angulated until Doppler blood flow ve- 
locity signal was obtained. Minor manipulations of the 
transducer were performed until maximal blood flow 
velocity was detected. The maximal velocity was identi- 
fied by listening to the audio signal and by noting the 
peak velocity from the tracing visualized on the oscillo- 
scopy screen. Signals were recorded on paper with a 
stripchart recorder running at 50 mm/s. Spectral enve- 
lopes of 210 cardiac cycles with the highest peak veloc- 
ity were analyzed at baseline and at peak changes after 
dipyridamole infusion (2 to 5 minutes after the end of 
dipyridamole infusion). Peak velocity and ejection time 
were measured directly. The area under the flow veloci- 
ty curve was calculated by manual planimetry. Stroke 
volume was calculated as the product of the velocity 
integral and aortic cross-sectional area. Cardiac output 
was determined as the product of stroke volume and 
heart rate. 

ECHOCARDIOGRAPHIC STUDY: A 3.5-MHz transducer 
was placed in the left parasternal position to record an 
M-mode echocardiogram of the aortic valve; the dis- 
tance between the aortic leaflets in early systole was 
measured to calculate aortic cross-sectional area ac- 
cording to the Bouchard method.'? For detailed analysis 
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coronary artery disease (CAD). NS = no statistical difference. 
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of wall motion, a 9-segment model of the left ventricle 
was used. From the cardiac apex 4- and 2-chamber 
views were recorded to visualize the 4 walls of the left 
ventricle (septal, anterior, lateral and posterior). The 
left ventricle was divided into 9 segments: 1 segment for 
the apex and 2 segments for each of the 4 left ventricu- 
lar walls so that each wall was divided into basal and 
middle segments. For each study, images at baseline 
and at peak dipyridamole effect were recorded on video- 
tape. Segmental wall motion was subjectively defined as 
normal, hypokinetic, akinetic or dyskinetic.'4 

HEMODYNAMIC STUDY: Hemodynamic evaluation was 
performed using a Swan-Ganz thermodilution catheter 
inserted into the pulmonary artery. Thermodilution car- 
diac output was obtained using a standard protocol: 4 
injections were administered and the cardiac output val- 
ue was taken as the mean of 3 readings that agreed 
within 10%. The stroke volume was obtained by divid- 
ing the cardiac output by the heart rate. A micro- 
manometer-tipped catheter (Millar Instruments) was 
advanced from the femoral artery to the left ventricle to 
measure left ventricular end-diastolic pressure and peak 
positive dP/dt. Mean right atrial pressure was directly 
measured. Systemic vascular resistances were calculat- 
ed. All these hemodynamic parameters were calculated 
simultaneously with the collection of Doppler measure- 
ments at baseline and at peak changes after dipyrida- 
mole infusion. 

Coronary angiography: Selective coronary angiog- 
raphy was performed with multiple projections of the 
right and left coronary arteries, using the Judkins tech- 
nique. The location and percent diameter narrowing of 
each coronary lesion was measured from cine frames 
projected on the screen of a Tagarno projector by 2 in- 
vestigators. Differences between observed measure- 
ments were resolved by consensus. A 75% luminal nar- 
rowing in 2] major coronary vessel was considered sig- 
nificant. Seven patients had 1-vessel disease and 22 
patients had multivessel disease. A jeopardy score (JS) 
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FIGURE 2. Individual, mean and standard deviation values for 
flow velocity integral measured at baseline and after dipyrida- 
mole administration in the control group and in patients with 

coronary artery disease (CAD). NS = no statistical difference. 
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for coronary artery disease was attributed to every pa- 
tient according to the method of Califf et al.'° On the 
basis of this score 3 subgroups were identified: subset A 
(JS = 2 to 4)—9 patients, subset B (JS = 6 to 8)—12 
patients and subset C (JS = 10 to 12)—8 patients. 
Statistical analysis: Continuous data are expressed 
as mean + standard deviation. Paired and unpaired 
Student ¢ tests were used as appropriate. The linear re- 
gression and correlation analysis was performed to re- 
late Doppler variables with invasive hemodynamic mea- 
surements. Intergroup differences (IIA, IIB, IC), at 
baseline and after dipyridamole, were tested for signifi- 
cance by analysis of variance with subgroup analysis by 
Duncan test. Changes in data and correlation coeffi- 
cients were accepted as significant at the p <0.05 level. 


RESULTS 

Two-dimensional and Doppler echocardiographic 
studies were adequate for analysis in all patients. 

Observer variability: There was 100% agreement 
between the 2 independent observers evaluating the 2- 
dimensional echocardiographic studies. The intra- and 
interobserver variability in flow velocity integral mea- 
surements was 3.9 + 3.3 and 6.1 + 4.5%, respectively; 
in stroke volume measurements it was 7.4 + 3 and 9.9 
+ 4%, respectively. The error between the 2 observers 
was 4.1 + 2.1% for peak aortic blood flow velocity and 
3.5 + 2.4% for aortic valve opening. Observer variabili- 
ties were not statistically significant. 

Group I (control subjects): None of the group I pa- 
tients developed angina or ST depression during or after 
dipyridamole infusion. 

ECHOCARDIOGRAPHIC (DOPPLER AND TWO-DIMENSION- 
AL) MEASUREMENTS: In this group, dipyridamole infusion 
induced a significant increase in peak velocity (0.81 + 
0.18 to 1.09 + 0.19 m/s, p <0.001), flow velocity inte- 
gral (12 + 5 to 15 + 5 cm, p <0.001) and stroke vol- 
ume (52 + 12 to 67 + 16 ml/beat, p <0.001) (Figures 
1 to 3). The increase in peak flow velocity was of a 
similar magnitude (37%) to that of flow velocity inte- 
gral (32%) and stroke volume (32%). An absolute re- 
duction in these parameters was never observed. Thus, 
the universal response to dipyridamole infusion in nor- 
mal subjects is an overall increase in aortic blood flow. 
Wall motion abnormalities were not observed in this 
group. 

HEMODYNAMIC MEASUREMENTS: After dipyridamole 
administration, the following parameters increased sig- 
nificantly: heart rate (77 + 11 to 93 + 16 beats/min, p 
<0.01), rate-pressure product (107 + 25 to 128 + 40 
beats/min X mm Hg X 100, p <0.01), peak positive 
dP/dt (2,297 + 549 to 3,051 + 643 mm Hg/s, p 
<0.01), mean right atrial pressure (4 + 0.5 to 6 + 0.8 
mm Hg, p <0.01) and stroke volume (62 + 10 to 72 + 
11 ml/beat, p <0.01); systemic vascular resistance and 
left ventricular end-diastolic pressure significantly de- 
creased (1,441 + 134 to 1,059 + 167 dynes -s- cm~>, p 
<0.01 and 11 + 2 to 9 + 2 mm Hg, p <0.01, respec- 
tively). 

Group Il (patients with coronary artery disease): 
During the test, 11 patients had both angina and at 


least 1 mm of ST-segment depression on the electrocar- 
diogram. The site of ST depression was not always re- 
lated to the site of wall motion abnormalities detected 
by 2-dimensional echocardiography. 
ECHOCARDIOGRAPHIC (DOPPLER AND TWO-DIMENSION- 
AL) MEASUREMENTS: Figure 4 shows an example of Dopp- 
ler recordings of blood flow in the ascending aorta ob- 
tained at baseline and after dipyridamole administration 
in a patient with CAD. In this group of patients, dipy- 
ridamole infusion induced a slight decrease in Doppler 
parameters (peak velocity: 0.89 + 0.21 to 0.85 + 0.18 
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FIGURE 3. Individual, mean and standard deviation values for 
stroke volume measured at baseline and after dipyridamole 
administration in the control group and in patients with coro- 
nary artery disease (CAD). 
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pain and peak aortic flow velocity and flow velocity 
integral were markedly reduced. 
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TABLE I Sensitivity of Dipyridamole Doppler and Two- 
Dimensional Echocardiography at Different Coronary Artery 
Disease Severity 


Doppler (%) 


Group II PV FVI 


5 (55) 
10 (83) 


2-D Echo (%) 


6 (66) 
10 (83) 


5 (55) 
11 (91) 


Subset A (9) 

Subset B (12) 

Subset C (8) 7 (87) 8 (100) 8 (100) 8 (100) 
Total (29) 17 (58) 23 (79) 24 (82) 24 (82) 
Doppler = patients with positive dipyridamole Doppler test; 2-D echo = patients 


with positive dipyridamole 2-dimensional echocardiographic test; FVI = flow velocity 
integral; PV = peak velocity; SV = stroke volume. 


4 (44) 
6 (50) 


m/s, difference not significant; flow velocity integral: 14 
+ 3 to 12 + 4 cm, difference not significant; stroke 
volume: 56 + 13 to 50 + 14 ml/beat, p <0.05) (Figures 
1 to 3). All these variations were remarkably different 
from control values. The decrease in peak flow velocity 
was of a lower magnitude (—2%) than that of flow ve- 
locity integral (—8%) and stroke volume (—10%). Tran- 
sient regional wall motion abnormalities were observed 
in 24 of 29 patients and were present as hypokinesia in 
5 patients and akinesia in 19. 

In each subset, Doppler-derived variables showed a 
significant reduction from those of control subjects (p 
<0.001). Furthermore, these parameters demonstrated 
a progressive decrease among subsets; peak velocity 
(subset A +3.4%; B —3.3%; C —10.8%; flow velocity 
integral (subset A —3.9%; B —8.6%; C —14.2%); stroke 
volume (subset A —4.8%; B —10.2%; C —16.2%); all 
parameters showed significant changes between the first 
and the third subset (p <0.01). 

HEMODYNAMIC MEASUREMENTS: After dipyridamole 
administration the following parameters showed a sig- 
nificant increase: heart rate (73 + 13 to 91 + 14 beats/ 
min, p <0.01), rate-pressure product (103 + 23 to 135 
+ 32 beats/min X mm Hg X 100, p <0.01, mean right 
atrial pressure (5 + 1.5 to 7 + 0.9 mm Hg, p <0.01) 
and left ventricular end-diastolic pressure (9 + 3 to 16 
+ 8 mm Hg, p <0.001). Systemic vascular resistance 
significantly decreased from baseline (1,561 + 217 to 
1,072 + 57 dynes -s « cm~5, p <0.01); peak positive dP/ 
dt and stroke volume showed a slight decrease (2,896 + 
343 to 2,711 + 264 mm Hg/s and 60 + 9 to 55 + 10 
ml/beat, respectively). Both groups (I and II) had simi- 
lar changes in heart rate, rate pressure product, system- 
ic vascular resistance and mean right atrial pressure af- 
ter dipyridamole administration. The second group 
showed a significant decrease in peak positive dP/dt 
and stroke volume (p <0.001) and a significant increase 
in left ventricular end-diastolic pressure (p <0.001) af- 
ter dipyridamole infusion as compared to control sub- 
jects. Changes in the 3 Doppler-derived parameters sig- 
nificantly correlated with changes of peak positive dP/ 
dt (r = 0.76, p <0.01; r = 0.75, p <0.01; r = 0.75, p 
<0.01, respectively), left ventricular end-diastolic pres- 
sure (r = —0.69, p <0.05; r = —0.67, p <0.05; r = 
—0.68, p <0.05, respectively) and stroke volume (ther- 
modilution) (r = 0.83, p <0.001; r = 0.91, p <0.001; r 
= 0.88, p <0.001, respectively). 
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DISCUSSION 

The determination of aortic blood flow velocity 
curves using either continuous- or pulsed-wave Doppler 
echocardiography provides a noninvasive method to 
evaluate left ventricular function in different clinical sit- 
uations.'"'! Our results are consistent with previous 
studies demonstrating a close relation between Doppler- 
derived parameters and invasive indexes of left ventricu- 
lar performance.!*.?:!6 Myocardial ischemia has been 
shown to affect regional and global left ventricular 
function; thus, it is reasonable to use a reduction in 
Doppler measurements to identify transient myocardial 
ischemia in patients with CAD. 

Many investigators!’:!8 have observed that the aortic 
area is altered after preload or afterload changes, or 
both. However, no change in aortic diameter after exer- 
cise has been demonstrated with a good correlation be- 
tween Doppler cardiac output and thermodilution cardi- 
ac output.'®!? Thus, in the present study aortic cross- 
sectional area was measured only at rest, even if 
functional flow area might increase as volumetric flow 
increases, potentially limiting the accuracy of calculated 
stroke volume after stress. 

During dynamic exercise there are some limitations 
in detecting myocardial ischemia due to a lack of abso- 
lute decrease of Doppler parameters. An increase in 
Doppler measurements with exercise is observed in 
nearly all individuals despite the presence of myocardial 
ischemia.’ Moreover, the feasibility of Doppler record- 
ings is reduced by excessive chest wall motion and hy- 
perexpansion of the lungs during the test. The injection 
of coronary artery vasodilator could be a useful alterna- 
tive method. Our results show an average decrease in 
Doppler-derived indexes of left ventricular performance 
in patients with CAD during dipyridamole-induced 
myocardial ischemia. Furthermore, during dipyrida- 
mole testing it is easier to maintain the same transducer 
angulation and Doppler recordings are better analyzed 
than those recorded during exercise. 

Response of aortic blood flow to dipyridamole test- 
ing: In normal subjects dipyridamole infusion induced a 
significant increase in all Doppler parameters, most 
likely due to a predominant vasodilator effect as con- 
firmed by a decrease in systemic vascular resistance 
(—29%). These findings are consistent with studies of 
Elkayam et al?? that demonstrated an inverse correla- 
tion between percent changes in peak velocity and sys- 
temic vascular resistance. 

In patients with CAD, despite a decrease in systemic 
vascular resistance (—25%), peak velocity, flow velocity 
integral and stroke volume decreased, respectively, in 
58, 79 and 82% of the patients. These Doppler changes 
are Closely related to the appearance of wall motion ab- 
normalities, to the increase in left ventricular end-dia- 
stolic pressure and to the reduction in both peak positive 
dP/dt and stroke volume (thermodilution). Heart rate, 
rate pressure product and mean right atrial pressure 
had similar variations in the 2 groups. Thus, the de- 
crease in Doppler-derived parameters observed in the 
second group have to be considered merely as a conse- 
quence of reduction in myocardial contractility induced 


by ischemia rather than a consequence of heart rate, 
preload or afterload changes, or a combination. 

Clinical implications: When the criteria of an abso- 
lute reduction in 1 of the 3 Doppler-derived parameters 
is used, normal subjects may be distinguished from pa- 
tients with significant CAD and ischemic left ventricu- 
lar dysfunction. For detecting patients with significant 
coronary stenoses, the overall sensitivity of dipyridamole 
Doppler testing appears to be similar to that of dipyrid- 
amole 2-dimensional echocardiographic testing. Stroke 
volume measures are slightly more sensitive than the 
other 2 Doppler parameters and appear to be sufficient 
to monitor the possibility of CAD (Table I). 

When subsets results are analyzed, both 2-dimen- 
sional and Doppler techniques showed the highest sensi- 
tivity in detecting patients with high-risk anatomy (sub- 
set B and especially subset C) (Table I). This finding 
confirms data of previous studies!*:7!-*° on dipyridamole 
testing, indicating that the test response is more likely to 
be positive in patients with multivessel CAD. 

By the combination of 2-dimensional and Doppler 
data only 2 patients, both with l-vessel CAD, were 
missed, leading to an overall sensitivity of 93%. Labo- 
vitz et al!? found a 2-dimensional echocardiographic 
sensitivity and specificity of 64 and 80%, respectively. 
The test sensitivity improved to 85% when abnormal 
Doppler results were combined with that of 2-dimen- 
sional echocardiography. The higher sensitivity and 
specificity reached in our study are probably related to 
different criteria for selecting the patient population and 
to the higher percentage of patients with multivessel 
CAD observed. 

Limitations of dipyridamole two-dimensional echo- 
cardiographic testing: In the present study 3 CAD pa- 
tients showed abnormal Doppler response to intravenous 
dipyridamole without the occurrence of wall motion ab- 
normalities. This discrepancy, also observed in the study 
of Labovitz et al,!? can be related to the amount of di- 
pyridamole-induced ischemia. 

In an experimental study,” dipyridamole-induced 
regional myocardial dysfunction occurred in only 55% 
of animals studied, when an absolute decrease in suben- 
docardial blood flow was present. Thus, dipyridamole is 
not so effective in inducing wall-thickening abnormali- 
ties as detected by 2-dimensional echocardiography. In 
our study, as in most clinical settings, echocardiographic 
recordings were qualitatively interpreted and the wall 
motion, rather than the wall thickening, was studied. 
Thus, lesser degrees of ischemia induced by the test 
were probably not always detectable by 2-dimensional 
echocardiography. Doppler technique provides a quanti- 
tative method to assess left ventricular function, and 
thus, could be more sensitive in detecting modest 
changes of left ventricular function. Further investiga- 
tions are needed to better define the clinical usefulness 
of dipyridamole-Doppler CAD assessment as compared 
to quantitative echocardiographic studies of wall motion 
and thickening abnormalities. 

Limitations of dipyridamole-Doppler testing: Three 
patients of group II showed an increase in Doppler pa- 
rameters after dipyridamole infusion despite the occur- 
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rence of wall motion abnormalities. A possible explana- 
tion of this discrepancy could be related to the absence 
of a linear relation between left ventricular dysfunction 
and the amount of ischemic myocardium. It is possible 
that Doppler-derived indexes of global left ventricular 
function may be preserved even in the setting of myo- 
cardial ischemia. In fact, normal nonischemic myocar- 
dium may be hyperkinetic, and thus maintain global left 
ventricular function in the normal range. 

Furthermore, Doppler changes observed after dipy- 
ridamole injection in patients with CAD result from the 
interaction of changes caused by systemic vasodilation 
(which may have been predominant in these 3 patients) 
with changes caused by development of myocardial 
ischemia. 

The increase of Doppler velocity envelopes observed 
during the test in 2 patients with CAD and without any 
other symptoms of ischemic left ventricular dysfunction 
is a consequence, as in the normal subjects, of systemic 
vasodilation. The absence of an anatomic substrate for 
coronary steal could explain the lack of dipyridamole- 
induced ischemia in these patients.24-7° On the other 
hand, the angiographic determination of percent coro- 
nary diameter narrowing does not properly reflect the 
functional severity of coronary stenosis.???5-27 Coronary 
reserve, as evaluated by dipyridamole testing, could be 
different in patients with apparently similar degrees of 
coronary stenosis. 

Finally, cardiac disorders that can affect coronary 
reserve independently of the presence of coronary steno- 
sis were excluded in this study. To assess the CAD pre- 
dictive value of this test in a general population of cardi- 
ac patients, a second cohort of subjects with other types 
of cardiac abnormalities should be prospectively exam- 
ined. 
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Infarction 
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The value of transluminal coronary 
angioplasty (PTCA) for ischemia after a non-Q- 
wave acute myocardial infarction (AMI) was as- 
sessed prospectively in 33 consecutive patients. In 
30 patients the indication for the procedure was 
post-AMI angina and 3 patients underwent PTCA 
for silent ischemia. A total of 43 lesions were 
attempted at 63 + 94 days after the non-Q-wave 
AMI. Primary PTCA success was obtained in 30 
(91%) patients and no major complications oc- 
curred. Angiographic evaluation was performed 
either for symptoms or for protocol (7 + 1 months 
after PTCA) in 28 (93%) of the 30 patients with 
successful PTCA, but 2 patients (7%) who were 
asymptomatic refused the repeat angiogram. 
Twenty (71%) had no restenosis and 8 (29%) had 
restenosis. Of these, 5 patients with restenosis 
underwent a successful repeat PTCA (6 + 1 
months after the initial procedure). At the last clini- 
cal follow-up (17 + 8 months), 2 of the 30 (7%) 
patients successfully dilated presented with stable 
angina despite medical treatment, whereas the rest 
(93%) remained asymptomatic. During the study 
period no patient died, had an AMI or required cor- 
onary artery bypass grafting. Thus, selected 
patients with ischemia after a non-Q-wave AMI, a 
“high-risk population,” can be effectively treated 
with PTCA with an initial success rate and angio- 
graphic restenosis rate similar to that of the gener- 
al PTCA population and appear to have sustained 
symptomatic benefit remaining free of subsequent 
cardiac events. 

(Am J Cardiol 1990;65:835-839) 
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is generally associated with smaller amounts of 

myocardial necrosis and a lower early mortality 
rate than Q-wave AMI.!? Despite this favorable initial 
outcome, long-term prognosis is hampered with a higher 
incidence of post-AMI angina and recurrent AMI, 
yielding a long-term survival similar to or even less than 
that of patients with Q-wave AMI.*° Different ap- 
proaches, including medical treatment with diltiazem 
and coronary artery bypass surgery, have been suggest- 
ed to improve the prognosis of these patients.’-? The 
usefulness of percutaneous transluminal coronary angio- 
plasty (PTCA) in patients with angina after a non-Q- 
wave AMI has been reported.'°:'!! However, no system- 
atic information exists concerning the angiographic fol- 
low-up of patients with successful PTCA in this setting. 
Accordingly, the present investigation was designed to 
prospectively evaluate the early outcome and especially 
the clinical and angiographic follow-up of patients dilat- 
ed for ischemia after a non-Q-wave AMI. 


N Becca acute myocardial infarction (AMI) 


METHODS 

Patients: The study population consisted of 33 con- 
secutive patients with non-Q-wave AMI who underwent 
PTCA (including 43 lesions) for post-AMI angina (30 
patients) or silent ischemia (3 patients) between Febru- 
ary 1985 and February 1989. They represented 6.1% of 
our total PTCA population during the study period. 
Mean age was 59 + 9 years and 30 patients (91%) were 
men. Thirty (91%) patients were receiving calcium an- 
tagonists (diltiazem in 13). Non-Q-wave AMI was de- 
fined as chest pain characteristic of myocardial isch- 
emia with documented ST- or T-wave changes but 
without progression to pathologic Q waves and with a 
creatinine kinase elevation of at least twice the upper 
limit of the normal value. Four patients with PTCA 
performed >1 year after the non-Q-wave AMI were not 
included in the study group. PTCA was undertaken 63 
+ 94 days (range 3 to 330) after the non-Q-wave AMI. 
The peak increase in creatine kinase in the non-Q-wave 
AMI was 607 + 310 [U/liter. Selection for PTCA was 
considered based on symptoms, electrocardiographic 
documentation of ischemia, results of exercise testing 
and suitability for dilatation of the ischemia-related ar- 
tery. PTCA was performed within 1 month of the non- 
Q-wave AMI in 20 (61%) patients, from 1 to 2 months 
in 6 (18%), from 2 to 6 months in 3 (9%) and from 6 
months to 1 year in 4 (12%). To assess if the restenosis 
rate was related to the elapsed time from the non-Q- 
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wave AMI to the PTCA, we considered 2 groups (time 
<1 month and >1 month). 

Percutaneous transluminal coronary angioplasty 
protocol and definitions: Clinical and angiographic 
variables were prospectively introduced into a database 
on completion of PTCA for subsequent analysis. We 
followed the National Heart, Lung, and Blood Institute 
angioplasty criteria for the diagnosis of unstable angi- 
na.'* Multiple views of the right and left coronary sys- 
tems were obtained including angulated cranial-caudal 
views, to accurately delineate coronary anatomy. To en- 
sure the uniformity of interpretation, all angiograms 
were independently analyzed by 2 investigators unaware 
of the patient’s clinical status. The guiding catheter was 
used as a reference for the arterial vessel measurements. 
We only attempted to dilate lesions with stenosis 275% 
of luminal diameter. The anterograde flow of the in- 
farct-related artery was quantitated by the Thromboly- 
sis in Myocardial Infarction trial (TIMI) criteria as 
grade 0 to 3.1? Primary angiographic success was de- 
fined as an increase in luminal diameter of at least 40% 
providing that the residual stenosis was <50%.!4 Pri- 
mary angioplasty success was defined as the procedure 
that in the absence of any major complication (includ- 
ing death, AMI or emergency coronary artery bypass 
grafting) successfully dilated at least the culprit lesion.!> 
Restenosis was defined when at least one of the lesions 
previously dilated successfully had a recurrence in lumi- 
nal narrowing >50% at follow-up.!® 

We performed PTCA using steerable catheters and 
always attempted a balloon:artery ratio of 1:1. Right 
anterior oblique (30°) left ventricular angiograms were 
obtained and computer-assisted ejection fraction was 
calculated by the area-length method.'’ All patients re- 
ceived platelet inhibitors before the procedure and a bo- 
lus of 10,000 U of heparin was given at the beginning of 
PTCA. Patients were transferred to the coronary care 
unit where a close electrocardiographic and enzymatic 
surveillance was performed. Intravenous heparin was 
continued for 24 hours at an adjusted rate to maintain 
activated partial thromboplastin time at 1.5 to 2 times 
control. 
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Clinical and angiographic follow-up: Patients were 
seen in the outpatient clinic within 2 weeks, at 3 to 4 
and 6 to 9 months and every year thereafter. Both clini- 
cal status and adherence to medication were assessed. 
Calcium antagonists and platelet inhibitors were pre- 
scribed for at least 6 months. Every visit also included 
an exercise test with a modified Bruce protocol.!® 
Whenever symptoms recurred or the exercise test be- 
came positive, patients were advised to have a repeat 
coronary angiogram. In addition, our protocol was spe- 
cifically designed to assess the angiographic follow-up in 
these patients, and included a repeat coronary angio- 
gram at 6 to 9 months even for asymptomatic patients. 
Patients were informed that the results of the angio- 
graphic follow-up might be of direct help in the deci- 
sion-making process involved in their management, and 
oral informed consent was obtained in every case. We 
prospectively entered the follow-up data in our database 
when they were obtained. 

Statistical analysis: Continuous variables were ex- 
pressed as mean + 1 standard deviation. We used the 
chi-square test to compare noncontinuous data. A p val- 
ue <0.05 was considered statistically significant. 


RESULTS 

Clinical and angiographic profile: Of the 33 pa- 
tients, 30 had PTCA for angina that was classified as 
stable in only 2 patients and unstable in the rest. In 3 
patients PTCA was performed for silent ischemia. In 
addition 9 patients also had a positive exercise test per- 
formed just before the PTCA (3 patients with diagnos- 
tic ST changes and 6 with both angina and ST 
changes). The ejection fraction was 64 + 11%. Lesion 
characteristics are summarized in Figure 1. Mean lesion 
length was 5 + 2 mm. The mean number of diseased 
vessels was 1.33 + 0.6 (1-vessel disease was found in 25 
[76%] patients), and the number of lesions attempted / 
procedure was 1.30 + 0.7. Complete revascularization 
was achieved in 29 (88%) patients. Five lesions were 
considered total occlusions (1 lesion TIMI 0 and 4 le- 
sions TIMI 1), 5 lesions were TIMI 2 and the remain- 
ing 33 lesions were TIMI 3. Before the procedure the 


FIGURE 1. Morphologic characteristics of 
the 43 attempted lesions. BEND = angu- 
lated vessel (>45°) at end-diastole; BIF = 
in bifurcation; CA+ = calcified; COL = 
visible collateral vessels to the infarct- 
related artery; ECC = eccentric; IRR = 
irregular appearance; OCC = total 
occlusion (TIMI grade 0 or 1); THR = 
with thrombus. 


stenosis was 86 + 9% and the residual stenosis after 
dilatation was 24 + 22%. 

Percutaneous transluminal coronary angioplasty 
immediate results: Primary angiographic success was 
achieved in 39 of 43 (91%) attempted lesions, and 
PTCA success was obtained in 30 of 33 (91%) proce- 
dures. In the 3 failed procedures the attempted lesions 
had a total occlusion (1 case TIMI 0 and 2 cases TIMI 
1). The 2 patients with total occlusions (TIMI grade 1) 
who had successful PTCA underwent an early angio- 
graphic control at 24 hours and both showed persistence 
of the angiographic success. No major complications oc- 
curred in any patient. There were no side-branch occlu- 
sions. Two patients developed prolonged chest pain and 
in 1 patient coronary spasm was documented during the 
PTCA, all these being minor reversible complications 
controlled with intracoronary nitroglycerin. No patient 
presented signs or symptoms of reocclusion before dis- 
charge. 

Clinical and angiographic follow-up: The 30 patients 
with successful PTCA were included in our angiograph- 
ic follow-up protocol. Two patients (7%) declined the 
invasive investigation while asymptomatic and with a 
negative exercise test. In the remaining 28 patients 
(93%) the repeat angiogram was performed according 
to the protocol, 7 + 1 months after PTCA. Figure 2 
summarizes the angiographic results of the 30 patients 
with successful PTCA. Of the 8 patients with restenosis, 
3 presented a total occlusion (TIMI grade 0 in 2 and 
TIMI grade 1 in 1) and repeat PTCA was not attempt- 
ed, as they were successfully controlled with medical 
treatment, whereas the remaining 5 patients with reste- 
nosis successfully underwent a second PTCA 6 + 1 
months after the initial procedure. In 3 of these patients 
the repeat PTCA was performed for unstable angina, 


30 
(91%) SUCCESS 
28 
(93%) ANGIO 


FIGURE 2. Angiographic 


8 


whereas in 2 the procedure was indicated only for posi- 
tive ST criteria during the exercise test. Of the 5 repeat 
PTCAs, 2 patients had an asymptomatic recurrence of 
restenosis and were treated medically, 2 patients had no 
recurrence of restenosis and 1 patient, being asymptom- 
atic, had insufficient time for the repeat angiogram. Of 
the 20 patients without restenosis, 2 had occasional sta- 
ble angina despite an increase in medical treatment and 
the rest were asymptomatic. One of them had a residual 
stenosis of 40% in the left anterior descending coronary 
artery and a nondilated stenosis that progressed to 75% 
in the distal left circumflex artery, whereas the other 
patient had a residual stenosis of 20% in the right coro- 
nary artery and a nondilated lesion of 50% in a diagonal 
branch. The presence of restenosis at follow-up was 
higher in those patients requiring an early PTCA (<1 
month) after the non-Q-wave AMI: 5 of 14 (36%) ver- 
sus 3 of 14 (21%) (difference not significant). 

At the last visit (17 + 8 months), the results of the 
exercise test in the 30 patients with successful PTCA 
were as follows: in 23 (77%) negative, in 1 (3%) positive 
for angina, in 4 (13%) positive only for ST criteria and 
nonconclusive for 2. At this last clinical evaluation and 
considering the repeat PTCA for restenosis as an inte- 
gral part of the PTCA strategy, 2 of the 30 (7%) pa- 
tients with successful PTCA complained of stable angi- 
na while receiving medical treatment, whereas the re- 
maining 28 patients (93%) were free of symptoms. In 
addition, during this time no patient died, had a re- 
infarction or required surgery. 


DISCUSSION 
Our data confirm that PTCA is an effective means 


for treating patients with ischemia after a non-Q-wave 
AMI. PTCA in this clinical setting provides not only a 
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high primary success rate, but also continued symptom- 
atic relief and a favorable outcome for at least 1.5 years. 
In addition, this is the first study in which the restenosis 
rate of PTCA after a non-Q-wave AMI has been pro- 
spectively and systematically assessed. With a high an- 
giographic follow-up avaiable (93%) our results also 
demonstrate that the restenosis rate in these patients 
(29%) is similar to that found in the general PTCA pop- 
ulation. 

Non-Q-wave myocardial infarction characteristics: 
The electrocardiographic classification of Q-wave and 
non-Q-wave AMI presents some limitations,!?2° but it 
provides prognostic information and has gained wide- 
spread clinical use.!-8 Anatomic and hemodynamic 
studies have provided a comprehensive explanation for 
the higher rate of untoward cardiac events that follow a 
non-Q-wave AMI. Histologic observations after fatal 
non-Q-wave AMI?! suggested transient hypoperfusion 
or reperfusion. Subsequently, DeWood et al?? empha- 
sized that only 37% of patients with non-Q-wave AMI 
had a total occlusion of the infarct-related vessel, and 
that both occlusion rate and presence of collaterals 
steadily increased with time. 

After a non-Q-wave AMI, most efforts have concen- 
trated on the identification of clinical markers able to 
predict patients at higher risk for subsequent cardiac 
events in whom a more aggressive approach seems war- 
ranted. The presence of post-AMI angina, especially if 
associated with ST-T changes? and the presence of a 
positive exercise test before discharge** have been pro- 
posed as useful clinical tools in the identification of pa- 
tients with poorer prognosis. Therefore, various thera- 
pies including medical treatment with diltiazem,’ coro- 
nary artery bypass surgery®? and PTCA!®!! have been 
advocated for treating these “high-risk patients.” 

Angioplasty after non-Q-wave myocardial infarc- 
tion: Recently, PTCA has been used in the treatment of 
patients with angina after a non-Q-wave AMI. Safian 
et al!’ obtained a PTCA success rate of 87%, but recur- 
rent angina developed in 41% of patients and they sug- 
gested that PTCA in this setting presented a high “clin- 
ical restenosis rate.” In addition they found that a 
shorter period of time between AMI and PTCA in- 
creased the angina recurrence rate. The need for repeat 
PTCA in this study was 25% and for coronary artery 
bypass grafting 4%. Subsequently, Suryapranata et al!! 
reported a larger series with a PTCA success rate of 
86%. However, emergency bypass surgery was required 
in 6% of patients after PTCA, an additional 6% devel- 
oped an AMI during follow-up and 32% were affected 
by recurrent angina (16% requiring repeat PTCA and 
4% surgery), which in this study was also more frequent 
among patients treated early after the non-Q-wave 
AMI. Nevertheless, no systematic angiographic evalua- 
tion was obtained in these 2 studies, and in particular, 
no information was given with regard to whether the 
revascularization procedures used at follow-up were 
used in the treatment of restenosis or in the treatment of 
other preexisting but not previously dilated lesions. This 
latter point is relevant because >33% of the patients in 
both series presented with multivessel disease. 
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Our study demonstrated a restenosis rate, per pa- 
tient, of 29%, most of them successfully treated with 
repeat PTCA. When this second procedure was consid- 
ered as an integral part of our PTCA strategy, most 
patients (93%) remained asymptomatic. Although the 
rate of patients with restenosis was also higher in this 
study in the group dilated early after the non-Q-wave 
AMI, the difference was not statistically significant, 
probably reflecting our smaller population. In addition, 
coronary artery bypass grafting was not required during 
follow-up in any patient, and no deaths or reinfarctions 
occurred. We only failed to dilate the infarct-related le- 
sion in 3 patients, all with a total functional occlusion. 
This is in accordance with the results of Suryapranata 
et al,!! who reported only a 59% primary success rate 
when recanalization was attempted in a totally occluded 
artery in patients with non-Q-wave AMI. 

Although it would be tempting to speculate that our 
results compare favorably with previous series of pa- 
tients with ischemia after a non-Q-wave AMI, great 
caution is required because the uncontrolled nature of 
the present study prevents ruling out some selection 
bias. This series has some characteristics that differ 
from previous PTCA studies including a lower rate of 
total occlusions, and a higher percentage of patients 
with 1-vessel disease. Moreover, because most patients 
(76%) in our series have 1-vessel disease, the compari- 
son with previous surgical series where only 36% of pa- 
tients had 1-vessel disease and 68% received =2 grafts? 
is not adequate. 
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Doppler Echocardiographic Evaluation of Left 
Ventricular Diastolic Function After 
Percutaneous Transluminal Coronary 
Angioplasty for Unstable Angina Pectoris 
or Acute Myocardial Infarction 


Frank R. Snow, MD, John Gorcsan, Ill, MD, Stephen A. Lewis, MD, Michael J. Cowley, MD, 
George W. Vetrovec, MD, and J.V. Nixon, MD 


The effect of percutaneous transluminal coronary 


angioplasty (PTCA) on left ventricular (LV) diastolic 
function has not been systematically investigated in 
patients treated for unstable angina or ischemia af- 
ter acute myocardial infarction (AMI). To assess 
the relation between reduction of stenosis severity 
and improvement in diastolic function in this set- 
ting, 42 patients with either unstable angina (n = 
22) or post-AMI ischemia (n = 20) were serially 
monitored by Doppler echocardiography 8 + 5 
hours before and 2 + 1 days after PTCA. Doppler 
LV filling indexes included isovolumic relaxation 
time, mitral deceleration time, E/A peak velocity 
ratio and atrial filling fraction. Eighteen aged- 
matched control subjects served to establish nor- 
mal values for comparison. Before PTCA, both 
groups exhibited abnormal diastolic function dem- 
onstrated by prolonged isovolumic relaxation time 
and mitral deceleration time, decreased E/A ratio 
and increased atrial filling fraction. After PTCA 
isovolumic relaxation time and deceleration time 
decreased 18 + 28 (p <0.005) and 33 + 43 ms (p 
<0.002) in the unstable angina group and 18 + 23 
(p <0.003) and 14 + 34 ms (difference not signifi- 
cant), respectively, in the post-AMI ischemia group. 
An increase in E/A ratio and a decrease in atrial 
filling fraction occurred in both groups; however, 
these changes were significant only in patients with 
post-AMI ischemia (+21%, p <0.03 and —11.4%, 
p <0.005, respectively). Early infarct vessel PTCA 
(defined as within 14 days of AMI, n = 10) was as- 
sociated with improvement in LV filling reflected by 
increased E/A ratio (1.1 + 0.4 to 1.4 + 0.9, p 
<0.05) and decreased atrial filling fraction (41 + 7 
to 35 + 10, p <0.02) not seen with later revascu- 
larization. Thus, PTCA may produce significant im- 
provement in Doppler indexes of LV filling as early 
as 2 days after revascularization in patients with 
severe ischemia. In the setting of recurrent isch- 
emia after AMI, an opportunity may exist during 
which early PTCA can lead to improvement in LV 
filling characteristics. 

(Am J Cardiol 1990;65:840-844) 
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relaxation and filling now appear to be the earliest 

manifestation of myocardial ischemia!~? and 
contribute to hemodynamic derangement and symptom- 
atology.*> Use of Doppler echocardiography to describe 
ventricular filling characteristics in coronary artery dis- 
ease has gained increasing clinical acceptance based on 
the results of controlled laboratory studies®’ and favor- 
able comparisons to standard clinical hemodynamic, 
cineangiographic and radionuclide methods.8-!? Recent 
investigations in patients with stable angina have shown 
improvement in LV filling patterns after percutaneous 
transluminal coronary angioplasty (PTCA).!:!> To as- 
sess whether PTCA is equally beneficial in patients with 
more severe myocardial ischemia, Doppler-derived LV 
filling patterns were prospectively analyzed in patients 
with unstable angina and early ischemia after acute 
myocardial infarction (AMI). 


D iastolic abnormalities of left ventricular (LV) 


METHODS 

Patients: Over a 12-month period, 42 patients un- 
dergoing successful elective PTCA at our institution 
were studied. Approval for the study was granted by the 
Committee for the Conduct of Human Research at the 
Medical College of Virginia Hospitals. No study patient 
had congenital, valvular or hypertensive heart disease. 
Mean age of the study group was 60 years (range 36 to 
79) with 27 men and 15 women. Fourteen patients had 
l-vessel disease and 28 had multivessel disease (17 with 
2-vessel and 11 with 3-vessel) documented as >50% lu- 
minal arterial narrowing by coronary arteriography, of 
which 3 had prior coronary artery bypass graft surgery. 
All patients underwent routine right- and left-sided 
heart catheterization before PTCA. 

Clinical indications for PTCA in the study group 
were unstable angina in 22 patients and post-AMI isch- 
emia, either spontaneous or provoked, within 8 weeks of 
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infarction in 20 patients (17.0 + 16.5 days, range 1 to 
56). Provoked ischemia was defined as ischemia identi- 
fied during a stress-test procedure. Within this popula- 
tion 26 patients had prior AMI documented by clinical 
history, 12-lead electrocardiogram and serum creatine 
kinase profiles. Patients with infarct vessel PTCA (n = 
20) were additionally subdivided to study the influence 
of early PTCA (defined as within 14 days of AMI, 
mean 6 + 4) compared to later PTCA (mean 32 + 12). 
Six patients with multivessel disease underwent non- 
infarct vessel PTCA at a mean of 48 weeks (range 6.5 
to 132) after AMI due to unstable angina from a non- 
infarct zone and were therefore grouped with 16 pa- 
tients having unstable angina. 

Coronary angioplasty: For all patients the percent 
luminal coronary stenosis represented the consensus of 2 
experienced coronary angiographers. The mean angio- 
graphic stenosis before angioplasty was 89 + 8% (range 
65 to 100); after the procedure it decreased to 30 + 
10% (range 10 to 65). The left anterior descending cor- 
onary artery was dilated in 19 patients, the right coro- 
nary artery in 11 and the left circumflex coronary ar- 
tery in 12. Pulmonary capillary wedge pressure from 
right-sided cardiac catheterization at the time of angio- 
plasty was recorded when available. Patients remained 
on stable medical regimens without significant change 
in dosages or schedules between the pre- and post- 
Doppler studies. Forty-two patients (100%) were receiv- 
ing calcium antagonists, aspirin and nitrates. Seventeen 
patients (40%) were receiving 6 blockers and heparin 
and 14 patients were receiving dipyridamole. Six pa- 
tients were taking diuretics and only 3 were taking 
antiarrhythmics. Two patients were receiving digitalis, 
ACE inhibitors and aminophylline compounds. 

Doppler echocardiographic examination: Doppler 
echocardiographic studies were obtained at 8 + 5 hours 


before (range 0.5 to 36) and 43 + 27 hours after PTCA 
(range 16 to 135). Patients had simultaneous measure- 
ment of peripheral blood pressure by standard sphyg- 
momanometry. The following 2 Doppler echocardiogra- 
phy systems were used in this study: an Advanced Tech- 
nology Laboratory MK-600 Cardioseries Ultrasound 
System with 3.0-MHz mechanical transducer and a 
Hewlett-Packard 77020A Ultrasound System with 2.5- 
mHz phased array transducer. Doppler recordings were 
made with a simultaneous single-lead electrocardiogram 
at 100 mm/s recording speed. 

All patients were studied from either the supine or 
left lateral decubitus position. The left ventricle was im- 
aged in the standard parasternal long- and short-axes 
and apical 4-chamber views. Pulsed Doppler recordings 
of diastolic transmitral flow velocity profiles were taken 
with the sample volume located at the tips of the mitral 
leaflets from the apical 4-chamber view. Doppler sam- 
ple volume size was set at its smallest limit (approxi- 
mately 5 mm). Gain settings were optimized to enhance 
endocardial edge detection and spectral displays. 

The video recordings were then analyzed on an off- 
line reviewing station by an experienced echocardiog- 
rapher incorporating an IBM Personal Computer and 
Digisonics EC-500 Cardiology Analysis System. The 
mitral velocity profiles were digitized along the darkest 
lines of the velocity spectra. Left ventricular end-dia- 
stolic dimension was measured according to standard 
American Society of Echocardiography criteria and 
served as an estimate of LV preload conditions.'* LV 
ejection fraction was recorded from both echocardiogra- 
phy and left ventriculography when available. Both 2- 
dimensional and Doppler measurements represented the 
average of 3 to 5 consecutive cardiac cycles in normal 
sinus rhythm. Flow velocity was not corrected for angle 
deviation but care was taken to align the sample volume 





FIGURE 1. Typical Doppler mitral inflow pat- r 
tern showing measurement of isovolumic re- | 
laxation time (IVRT) from onset of aortic 
valve closure artifact (AVc) to the beginning 
of the E wave, mitral deceleration time (DT), 
relation of E and A peak velocities and pro- 
portion of atrial to early filling. ECG = 
electrocardiogr 
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TABLE I Comparison of Preangioplasty Clinical Characteristics with the Control Group 


Unstable Angina 


Control 


No. 

Age (yrs) 

Heart rate (beats /min) 
LVEF 

PAWP (mm Hg) 
LVEDD (cm) 


Post-AMI Ischemia 


20 

60 + 11 
66 + 10 
0.51 + 0.12? 

12 + # 
44+ 07 


* p <0.05; t p <0.005 compared with control group; + p <0.05 compared to unstable angina group. 
LVEDD = left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction; PAWP = pulmonary arterial wedge pressure. 


TABLE Il Clinical Indexes at the Time of Doppler Study Before and 2 Days After Angioplasty 


Unstable Angina 


Before 


Heart rate (beats/min) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
LVEDD (cm) 

Coronary stenosis (%) 


Post-AMI Ischemia 


Before 


68 + 10 
124 + 14 
72 + 12 
44 + 0.7 
ol + 9° 


* p <0.0005 compared with value before percutaneous transluminal coronary angioplasty. 


BP = blood pressure; LVEDD = left ventricular end-diastolic dimension. 





Unstable Angina (n = 22) 


Before After 


tS +: 27* 
222 + 47* 


97 + 27 
189 + 39 
115 +.06 

39 +9 


IVRT (ms) 
DT (ms) 


E/A 1.04 + 0.33 


AFF (% TTVI) 40 + 7* 
* p <0.006 compared to control group; t p <0.05. 


TABLE Ill Effect of Percutaneous Transluminal Coronary Angioplasty on Doppler Indexes of Left Ventricular Filling 








Post AMI Ischemia (n = 20) 


Before After 


115.425" 
198 + 49 

0.99 + 0.36! 
44 + 11* 


p Value Control (n = 18) 


AFF = atrial filling fraction; DT = mitral deceleration time; E/A = E to A peak velocity ratio; IVRT = isovolumic relaxation time; NS = not significant; TTVI = total mitral time-velocity 


integral. 





TABLE IV Influence of Timing of Percutaneous Transluminal Coronary Angioplasty After Acute Myocardial Infarction on Doppler 


Indexes of Diastolic Filling 
<14 Days After AMI (n = 10) 


Before After 


107 + 27 
184 + 36 


IVRT (ms) 
DT (ms) 
E/A 1.1 + 04 


AFF (% TTVI) 4l 7 





>14 Days After AMI (n = 10) 


Before After 


123: -+ 21 
212: £57 
0.9 + 03 
46 + 13 


102 + 21 
192 + 60 
1.0 + 0.3 
43 +9 


Abbreviations as in Table Ill. 


as perpendicular to the mitral anulus as possible. Dia- 
stolic filling characteristics were assessed by isovolumic 
relaxation time, mitral deceleration time, E/A peak ve- 
locity ratio and atrial filling fraction. Figure 1 shows an 
analysis of a typical mitral Doppler time-velocity profile 
of 1 study patient. 

A control group of 18 age-matched subjects under- 
going routine outpatient Doppler echocardiographic ex- 
amination without congenital, hypertrophic, valvular or 
obvious coronary heart disease was analyzed in a simi- 
lar fashion. Their ages ranged from 36 to 79 years with 
a mean of 55 + 11. All patients were healthy and 
asymptomatic at the time of examination; there were 8 
men and 10 women. 

To assess the reproducibility of Doppler measure- 
ments 16 of the 42 recordings were randomly selected 
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and analyzed on 2 separate occasions for intraobserver 
variability and blindly by a second echocardiographer 
for interobserver variability. Both intra- and inter- 
observer variability was minimal; correlations were 0.98 
and 0.99 for E/A peak velocity ratio and 0.92 and 0.95 
for atrial filling fraction, respectively. 

Statistical analysis: All values are expressed as the 
mean + standard deviation. Intragroup comparisons be- 
fore and after PTCA were done using 2-tailed paired t 
tests. Intergroup comparisons were done by analysis of 
variance using Scheffe contrasts for paired comparison; 
statistical significance was assumed at p <0.05. 


RESULTS 
Table I compares the clinical profiles for the unsta- 
ble angina and post-AMI ischemia groups to the age- 


matched control group. Only a slightly lower heart rate 
in the unstable angina group and lower mean LV ejec- 
tion fraction in the post-AMI ischemia group differed 
from the control sample. This heart rate difference was 
felt to be clinically insignificant given its magnitude and 
direction. At the time of Doppler echocardiography ex- 
amination after successful PTCA, the clinical indexes of 
heart rate, blood pressure and LV end-diastolic dimen- 
sion remained unchanged (Table II). 

Both study groups exhibited abnormal diastolic fill- 
ing patterns before PTCA characterized by prolonged 
isovolumic relaxation and mitral deceleration times, de- 
creased E/A peak velocity ratio and increased atrial fill- 
ing fraction. At 2 days after PTCA isovolumic relaxa- 
tion and mitral deceleration times were significantly 
shortened in both the unstable angina group and in the 
post-AMI ischemic group (Table III). Concomitantly, 
E/A ratio increased and atrial filling fraction decreased 
in patients with post-AMI ischemia. The unstable angi- 
na group experienced similar but nonstatistical trends 
for E/A ratio and atrial filling fraction. 

PTCA for patients with post-AMI ischemia was car- 
ried out from 1 to 56 days after infarction (mean 17 + 
16). To assess for any difference between early PTCA 
(defined as <14 days from the time of AMI, mean 6 + 
4) and later PTCA (>14 days, mean 32 + 12) on dia- 
stolic function, 2 subsets of 10 patients each were ana- 
lyzed (Table IV). There was no difference between pre- 
PTCA coronary stenosis severity (92 vs 93%) or LV 
ejection fraction (0.52 vs 0.53) among the 2 groups. E/ 
A ratio increased and atrial filling fraction decreased in 
those with early PTCA. In contrast later PTCA did not 
produce any statistical improvement in either parame- 
ter. Mitral deceleration time remained unchanged in 
each group. However, isovolumic relaxation time signif- 
icantly shortened in those with later PTCA but not in 
the early PTCA group. 


DISCUSSION 

Doppler-derived indexes of LV filling have been 
shown to correlate closely with patterns of diastolic fill- 
ing described by continuous volume-time curves, pres- 
sure-volume relation, radionuclide and cineangiogra- 
phy.?:!2!> Characteristic Doppler transmitral flow pat- 
terns have now been described in various forms of heart 
disease!®!’ including the changes accompanying ag- 
ing,'® and changes in loading conditions and heart 
rate.’:!819 Recently, significant changes in E-wave peak 
velocities suggesting improvement in LV filling have 
been reported in patients with stable angina who under- 
went PTCA.!? Therefore, mitral Doppler ultrasound of- 
fered an easily obtainable and accurate method by 
which to follow the effects of PTCA on diastolic func- 
tion. 

When compared to the control sample, all study pa- 
tients showed altered LV diastolic function, even when 
LV ejection fraction was normal and myocardial infarc- 
tion was absent. Characteristically, the atrial contribu- 
tion to LV filling was increased at the expense of early 
filling with an accompanying decrease in E/A ratio and 
prolongation of isovolumic relaxation and mitral decel- 
eration times. Stoddard et al? have recently described 





the independent and opposing effects of altered LV re- 
laxation and compliance (as measured by the chamber 
stiffness) in patients with and without coronary disease. 

Previous studies with cardiac catheterization and ra- 
dionuclide angiography have shown similar resting ab- 
normalities of LV relaxation and filling in patients with 
chronic stable angina and prior myocardial infarc- 
tion.??! Other studies using Doppler techniques have 
similarly shown reversal of the E/A peak velocity ratio 
with increased atrial contribution to LV filling during 
AMI, temporary coronary occlusion during PTCA? 
and atrial pacing-induced ischemia.** In 50 patients 
with stable angina undergoing elective PTCA, Ma- 
suyama et al!? showed resting abnormalities in E/A 
peak velocity ratios that were significantly more pro- 
nounced when the coronary stenoses were >90%. Our 
observations now extend these Doppler echocardio- 
graphic findings of characteristics of abnormal LV dia- 
stolic filling function to patients with unstable angina 
and post-AMI ischemia. 

Doppler-echocardiographic improvement in diastolic 
filling is interpreted as a decrease in the atrial contribu- 
tion to filling (atrial filling fraction), an increase in E/A 
peak velocity ratio and shortening of both isovolumic 
relaxation and mitral deceleration times. Patients with 
unstable angina showed significant shortening of both 
mitral deceleration and isovolumic relaxation times af- 
ter PTCA. However, E/A ratio and atrial filling frac- 
tion remained statistically unchanged. The post-AMI 
ischemia group showed significant improvement in both 
E/A ratio and atrial filling fraction after PTCA as well 
as a similar shortening of the isovolumic relaxation peri- 
od. The mitral deceleration time in the post-AMI isch- 
emic group was not significantly prolonged before 
PTCA, unlike that observed in the unstable angina 
group. This “pseudonormalization” was felt likely to be 
secondary to decreased compliance to the ongoing struc- 
tural changes after AMI and increased filling pressure 
relative to the unstable angina group (12 + 4 vs 8 + 2 
mm Hg, respectively, p <0.05). 

This appears to be the first report of a differential 
effect on diastolic function of earlier versus later PTCA 
after AMI. In small groups improved early diastolic fill- 
ing was evident when PTCA was performed within 14 
days of AMI. These observations may represent the sal- 
vage of potentially reversible ischemic myocardium sur- 
rounding areas of necrosis. However, the majority of pa- 
tients undergoing PTCA beyond 14 days of AMI had 
ischemia only on provocation. To draw significant con- 
clusions regarding myocardial salvage requires further 
studies of larger numbers of patients with similar pat- 
terns of ischemia. 

There are a number of limitations. Pulmonary capil- 
lary wedge pressure (as an indicator of preload condi- 
tions) was not measured during the post-PTCA study. 
Significant changes in the transmitral flow velocity pro- 
files can occur as filling pressure is changed acutely.” 
However, the atrial filling fraction and E/A ratio have 
been shown to be somewhat insensitive to all but 
marked preload manipulations and largely represent 
changes in LV relaxation,°’ and mean LV end-diastolic 
dimension at the time of pre- and post-Doppler studies 
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for all groups did not change. Other factors known to 
affect LV diastolic function such as medications, arteri- 
al blood pressure and heart rate were likewise un- 
changed at the time of each Doppler study. Alterations 
in chamber stiffness independent of relaxation abnor- 
malities can affect mitral Doppler patterns as recently 
described by Stoddard et al.?? Although chamber stiff- 
ness was not measured as a part of this study, it seems 
unlikely that significant changes in passive compliance 
could have occurred over the short time course of our 
study. 

The study looked at LV function at a mean of 43 
hours after angioplasty. Masuyama et al!3 showed that 
further improvement from that already present at day 2 
could be seen by day 9 after revascularization. It is pos- 
sible that assessment at a later time may show even fur- 
ther recovery. Furthermore, the possibility of spontane- 
ous recovery in both unstable angina and AMI patients 
cannot be ruled out completely, particularly in studies 
done relatively soon after acute chest pain syn- 
dromes.7*.25 
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_ Ported when blood remains in contact with syringes containing nonionic 
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_ Serious, rarely fatal, thromboembolic events causing myocardial infarc- 
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disturbances which may be associated with a transitory increase in 
the circulating osmotic load. 

Selective coronary gurar should be performed only in selected 
patients and those in whom the expected benefits outweigh the procedural 
risk. The inherent risks of angiocardiography in patients with chronic pul- 
monary emphysema must be weighed against the necessity for performing 
this procedure. 

Extreme caution during injection of a contrast medium is necessary to 
avoid extravasation. This is especially important in patients with severe 
arterial or venous disease. 

Drug Interactions: Renal toxicity has been reported in a few patients with 
liver dysfunction who were given oral cholecystographic agents followed by 
intravascular contrast agents. Administration of any intravascular contrast 
agent should therefore be postponed in patients who have recently received 
a cholecystographic contrast agent. 

Other drugs should not be mixed with ioversol injection. 

Drug Laboratory Test Interactions: The results of PBI and radioactive 
iodine uptake studies, which depend on iodine estimation, will not accu- 
rately reflect thyroid function for up to 16 days following administration of 
iodinated contrast media. However, thyroid function tests not depending on 
iodine estimations, e.g., T3 resin uptake and total or free thyroxine (T4) 
assays are not affected. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long term 
animal studies have been performed to evaluate carcinogenic potential. 
However, animal studies suggest that this drug is not mutagenic and does 
not affect fertility. 

Pregnancy Category B: No teratogenic effects attributable to ioversol 
have been observed in teratology studies performed in animals. There are. 
however, no adequate and well controlled studies in pregnant women. It is 
not known whether ioversol crosses the placental barrier or reaches fetal 
tissues. However, many injectable contrast agents cross the placental bar- 
rier in humans and appear to enter fetal tissue passively. Because animal 
teratology studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. X-ray procedures 
involve a certain risk related to the exposure of the fetus. 

Nursing Mothers: It is not known whether ioversol is excreted in human 
milk. However, many injectable contrast agents are excreted unchanged in 
human milk. Although it has not been established that serious adverse reac- 
tions occur in nursing infants. caution should be exercised when 
intravascular contrast media are administered to nursing women because 
of potential adverse reactions, and consideration should be given to tempo- 
rarily discontinuing nursing. 

Pediatric Use: Safety and effectiveness in children have not been 
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occur during injection or 5 to 10 minutes later; the main feature being car- 
diac arrest with cardiovascular disease as the main aggravating factor. ISo- 
lated reports of hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the administration of 
conventional iodinated contrast agents range from 6.6 per 1 million 
(0.00066 percent) to 1 in 10,000 patients (0.01 percent). 

_The reported incidence of adverse reactions to contrast media in patients 
with a history of allergy is twice that of the general population. Patients with 
a history of previous reactions to a contrast medium are three times more 
Susceptible than other patients. However, sensitivity to contrast media does 
not appear to increase with repeated examinations. 

Adverse reactions to injectable contrast media fall into two Categories: 
chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the 
contrast medium, the dose and the speed of injection. All hemodynamic 
disturbances and injuries to organs or vessels perfused by the contrast 
medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more fre- 
quently in patients 20 to 40 years old. Idiosyncratic reactions may or may 
not be dependent on the dose injected, the speed of injection, the mode of 
injection and the radiographic procedure. Idiosyncratic reactions are sub- 
divided into minor, intermediate and severe. The minor reactions afe 
self-limited and of short duration: the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

In addition to the adverse reactions reported for ioversol, the follow- 
ing additional adverse reactions have been reported with the use of other 
contrast agents and are possible with any water soluble, iodinated con- 
trast agent. 

Nervous: muscular spasm, convulsions. aphasia, syncope, paralysis, 
ve dong losses which are usually transient but may be permanent, coma 
and death. 

Cardiovascular: angioneurotic edema, peripheral edema, vasodilation, 
thrombosis and rarely thrombophlebitis. disseminated intravascular 
coagulation and shock. 

Skin: maculopapular rash, erythema, conjunctival symptoms, ecchymo- 
Sis and tissue necrosis. 

Respiratory: choking, dyspnea, wheezing which may be an initial man- 
ifestation of more severe and infrequent reactions including asthmatic 
attack, laryngospasm and bronchospasm, pulmonary edema, apnea 
and cyanosis. Rarely these allergic-type reactions can progress into 
anaphylaxis with loss of consciousness, coma, severe cardiovascular 
disturbances and death. 

Miscellaneous: hyperthermia, temporary anuria or other nephropathy. 


<, ect relationship to the contrast medium has not been established established. Other reactions may also occur with the use of any contrast agent as a 
Kee since the patients’ pre-existing condition and procedural technique are consequence of the procedural hazard; these include hemorrhage or 
~ Causative factors in themselves. The arterial injection of a contrast medium ADVERSE REACTIONS: Adverse reactions following the use pseudoaneurysms at the puncture site, brachial plexus palsy following axil- 
~ Should never be made following the administration of vasopressors since of OPTIRAY formulations are usually mild to moderate, of short duration lary artery injections, chest pain, myocardial infarction, and transient 
they strongly potentiate neurologic effects. and resolve spontaneously (without treatment). However, serious, Changes in hepatorenal chemistry tests. Arterial thrombosis, displacement 
N aution must be exercised in patients with severely impaired renal life-threatening and fatal reactions, mostly of cardiovascular origin, have Of arterial plaques. venous thrombosis. dissection of the coronary vessels 
= function, combined renal and hepatic disease, severe thyrotoxicosis, been associated with the administration of iodine-containing contrast and transient sinus arrest are rare complications. ! 
___ Myelomatosis, or anuria, particularly when large doses are administered. media. In cerebral arteriography, cardiovascular reactions that may occur with 
E Intravascularly administered iodine-containing radiopaque media are Injections of contrast media are often associated with sensations of | Some frequency are bradycardia and either an increase or decrease in 
-potentially hazardous in patients with multiple myeloma or other warmth and pain. In controlled double-blind clinical Studies, significantly Systemic blood pressure. Neurological reactions that may occur are: 
_  paraproteinemia, particularly in those with therapeutically resistant anuria. less warmth and pain were associated with the injection of OPTIRAY than Seizures. drowsiness. transient paresis, and mild disturbances in vision. 
A occurs most commonly in persons over age 40. Although neither with iothalamate meglumine, diatrizoate meglumine. and diatrizoate meg- Central nervous system reactions with OPTIRAY in controlled clinical 
vi the contrast agent nor dehydration has been proved separately to be the lumine and diatrizoate sodium. studies in cerebral arteriography that occurred with frequencies greater 
I Cause of anuria in myelomatous patients, it has been speculated that the When OPTIRAY 320 is used for coronary arteriography and ventriculog- than 1% were: vertigo (4%) and blurred vision (3%). ! ; 
-Combination of both may be causative. The risk in myelomatous patients is raphy in double-blind clinical trials, electrocardiographic and hemodynamic In aortography, depending on the technique employed, the risks of this 
"Not a contraindication to the procedure: however, special precautions. changes occur with less frequency and severity with ioversol injection than Procedure also include the following: injury to the aorta and neighboring 
including maintenance of normal hydration and close monitoring. are with diatrizoate meglumine and diatrizoate sodium. organs, pleural puncture, renal damage including infarction and acute tubu- 











required. Partial dehydration in the preparation of these patients prior 

to injection is not recommended since this may predispose the patient to 
precipitation of the myeloma protein. 

Administration of radiopaque materials to patients known or suspected 

of having pheochromocytoma should be performed with extreme caution. 


__ If, in the opinion of the physician, the possible benefits of such procedures 


outweigh the considered risks, the procedures may be performed: 
however, the amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed throughout the 
procedure, and measures for treatment of a hypertensive crisis should 
_ be available. 
Contrast media may promote sickling in individuals who are homozygous 


Following coronary artery and left ventricular injection, electrocardio- 
graphic parameters were affected less with OPTIRAY (ioversol injection) 
than with diatrizoate meglumine and diatrizoate sodium injection. These 
parameters included the following: bradycardia, tachycardia, T-wave 
amplitude. ST depression and ST elevation 

OPTIRAY has also been shown to cause fewer changes in cardiac tunc- 
tion and systemic blood pressure than conventional ionic media. These 
include cardiac output, left ventricular systolic and end-diastolic pressure. 
right ventricular systolic and pulmonary artery systolic pressures and 
decreases in systolic and diastolic blood pressures. 

The following table of incidence of reactions is based upon clinical trials 
with OPTIRAY formulations in over 1100 patients. This listing includes all 


lar Necrosis with oliguria and anuria, retroperitoneal hemorrhage from the 
translumbar approach and spinal cord injury and pathology associated with 
the syndrome of transverse myelitis. Under conditions of slowed aortic 
Circulation there is an increased likelihood for aortography to cause muscle 
spasm. Occasional serious neurologic complications, including paraplegia, 
have also been reported in patients with aortoiliac obstruction, femoral 
artery obstruction. abdominal compression, hypotension, hypertension, 
spinal anesthesia, and injection of vasopressors to increase contrast. In 
these patients the concentration, volume. and number of repeat injections 
of the medium should be maintained at a minimum with appropriate 
intervals between injections. The position of the patient and catheter tip 
should be carefully monitored. 














_ for sickle cell disease when administered intravascularly. adverse reactions which were coincidental to the administration of ioversol Entry of a large aortic dose into the renal artery may cause, even in 
„Reports of thyroid storm following the intravascular use of iodinated regardless of their direct attributability to the drug or the procedure. the absence of symptoms. albuminuria, hematuria, and an elevated creat- 
radiopaque agents in patients with hyperthyroidism or with an auton- Adverse reactions are listed by organ system and in decreasing order of iNine and urea nitrogen. Rapid and complete return of function usually 
f _ omously fap thyroid Henge pi that this oong risk be occurrence. Significantly more severe reactions are listed before others in a 2 jeti iaeoe Wih OPTIRAN to: coed ele 
f ny contr ium. 
rk —e Figen PELES botore use of any contrast mediu system regardless of frequency. Studies in coronary arteriography with left ventriculography that occurred 
__ PRECAUTIONS: General: Diagnostic procedures which involve the Adverse Reactions with frequencies greater than 1% were: angina (1.2%) and nausea (1.2%). 
Use of iodinated intravascular contrast agents should be carried out under > 1% < 1% 
"the direction of personnel skilled and experienced in the particular pro. S¥St@™ = PRECAUTIONS FOR SPECIFIC PROCEDURES: 
cedure to be performed. A fully equipped emergency cart, or equivalent Cardiovascular none angina pectoris Cerebral Arteriography 
Supplies and equipment. and parsonne competent in recognizing and trest- hypotension Extreme caution is advised in patients with advanced arteriosclerosis 
| -= ing adverse reactions of all types should always be available. Since severe vascular spasm severe hypertension. cardiac deconmeniation senility, recent Earaiti 
S delayed reactions have been known to occur, emergency facilities and com- bradycardia thrombosis or emboligm. and migraine ' : 
= petent personne! should be available for at least 30 to 60 minutes after conduction defect 
-~ administration. false aneurysm Peripheral Arteriography 
Preparatory dehydration is dangerous and may contribute to acute renal hypertension = Pulsation should be present in the artery to be injected. In thromboan- 
"failure in patients with advanced vascular disease. diabetic patients, and in transient arrhythmia giitis obliterans, or ascending infection associated with severe ischemia 
susceptible non-diabetic patients (often elderly with pre-existing renal vascular trauma angiography should be performed with extreme caution, if at all. . 
~ disease). Patients should be well hydrated prior to and following the Digestive none perus Coronary Arteriography and Left Ventriculography 
administration of OPTIRAY. vomiting Pae A paaka iae ber r we fete 
-The possibility of a reaction, including serious, life-threatening, fatal, Nervous none cerebral intarct y atory p See A 7 oe ith i specia a prone 
__ anaphylactoid or cardiovascular reactions, should always be consid- headache aaa rah appara Ek be a thon B tact + vi cy imm % : AEA ion 
k ered (See ADVERSE REACTIONS). Increased risk is associated with a his- blurred vision an e eean e “gee ae and vital signs should be routinely 
= tory of previous reaction to a contrast medium, a known sensitivity to iodine vertigo monitored throughout the procedure. 
y _and known allergies (i.e., bronchial asthma, hay tever and food allergies) or lightheadedness Venography 
-~ hypersensitivities. Fe : vasovagal reaction Special care is required when venography is performed in patients with 
_____ The occurrence of severe idiosyncratic reactions has prompted the use of rockede suspected thrombosis. phlebitis, severe ischemic disease, local infection 
f meh asin beg Boop y ogra ode yo iae g A leo ae . or a totally obstructed venous system. In order to minimize extravasation 
"Suggested that a thorough medical history with emphasis on allergy and | visual hallucination uring injection, Huoroscopy is recommended. 
hypersensitivity, prior to the injection of any contrast medium. er ae t: homes oT a congestion OVERDOSAGE: The adverse effects of overdosage are life- 
| ions. i- ; : i r 
ive history of aegis or hyperserstvty does not arbilrariy conan. sneezing e e ein ear a 
dicate the use of a contrast agent when a diagnostic procedure is thought aes de tunctions, and prompt tari t of symptomatic therapy 
essential, but caution should be exercised. Premedication with antihis- ypoxi i heat eae 
.  tamines or corticosteroids to avoid or minimize possible allergic reactions Skin none periorbital edema diahyesbe. does not bind to plasma or'serum protein and is therefore, 
¥ _ in such patients should be considered. Reports indicate that such pretreat- urticaria The intravenous LDso values (gl/kg) for ioversol in animals were: 
ment does not prevent serious life-threatening reactions, but may reduce facial edema 17 (mice), and 15 (rats) 
b° both their incidence and severity. flush 
= General anesthesia may be indicated in the performance of some proce- pruritus DOSAGE AND ADMINISTRATION: Details on dosage 
_ dures in selected patients; however, a higher incidence of adverse reactions Miscellaneous none extravasation are provided in the package insert. CONSULT FULL PACKAGE INSERT 
= has been reported in these patients, and may be attributable to the inability shaking chills BEFORE USE. 
of the patient to identity untoward symptoms or to the hypotensive effect bad taste | 
ad of anesthesia which can prolong the circulation time and increase the dura- ) general pain l 
tion of exposure to the contrast agent. Regardless of the contrast medium employed, the overall incidence of -S 
f in angiographic procedures, the possibility of dislodging plaques or serious adverse reaction is higher with coronary arteriography than with MALLINCKRODT S 
-damaging or perforating the vessel wall should be considered during cathe- other procedures. Cardiac decompensation, serious arrhythmias, myocar- et VE iia” 
ter manipulations and contrast medium injection. Test injections to insure pis hi g x he dere oer may occur during coronary — tS 
a9 r catheter placement are suggested. arteriography and left ventriculography. ; 
S Angiogreety ‘Should be avoided whenever possible in patients with General Adverse Reactions to Contrast Media Changing the look of medicine. 
homocystinuria because of the risk of inducing thrombosis and embolism. The following adverse reactions are possible with any parenterally admin- 
Patients with congestive heart failure should be observed for sev- istered iodinated contrast medium. Severe life-threatening reactions and 
i eral hours following the procedure to detect delayed hemodynamic fatalities, mostly of cardiovascular origin. have occurred. Most deaths ©1990 Mallinckrodt Medical, Inc. 
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Value of Gadolinium-Diethylene-Triamine 
Pentaacetic Acid Dynamics in Magnetic 
Resonance Imaging of Acute Myocardial 
Infarction with Occluded and Reperfused 

Coronary Arteries After Thrombolysis 


Albert C. Van Rossum, MD, Frans C. Visser, MD, Machiel J. Van Eenige, PhD, 
Michiel Sprenger, PhD, Jaap Valk, MD, Freek W. A. Verheugt, MD, and Jan P. Roos, MD 





The use of the paramagnetic contrast agent gado- 
linium-diethylene-triamine pentaacetic acid (DTPA) 
was evaluated in magnetic resonance imaging 
(MRI) of 18 patients with an acute myocardial in- 
farction after thrombolysis. The patency of the 
infarct-related vessel was assessed by coronary an- 
giography. At 58 + 9 hours after infarction MRI 
was performed before and after bolus injection of 
0.1 mmol/kg gadolinium-DTPA. Myocardial signal 
intensities were measured using a circumferential 
profile. Normal and infarcted myocardium showed 
a maximum signal intensity enhancement of 35 and 
66%, respectively. Signal intensity of infarcted rel- 
ative to normal myocardium (I/N) increased from 
1.06 + 0.16 before to a maximum of 1.39 + 0.13 
after gadolinium-DTPA (p <0.001), whereas the 
contrast between normal myocardium and a pseu- 
do-infarct region in 2 healthy volunteers did not 
change. Between patients with reperfused infarct- 
related vessels and occluded vessels without collat- 
erals, maximum I/N did not differ. However, ob- 
serving I/N as a function of time after injection of 
gadolinium-DTPA, the reperfusion group differed 
from the occlusion group on images acquired 
directly after injection (1.29 + 0.10 vs 1.14 + 
0.05, p <0.02). Thus, gadolinium-DTPA enhanced 
the visualization of acute myocardial infarction 
on relatively longitudinal (T1)-weighted MR images 
and its dynamics seem of potential value for the 
noninvasive assessment of coronary artery 
reperfusion after thrombolysis. 

(Am J Cardiol 1990;65:845-851) 
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cardium at risk after myocardial infarction are 

important parameters in the assessment of 
prognosis and therapy. Magnetic resonance imaging 
(MRI) has the potential to characterize normal and 
ischemic heart tissue. Infarct area can be visualized in 
animals and patients because of prolongation of longitu- 
dinal (T1) and transverse (T2) relaxation times.'~* This 
area shows relative signal enhancement on T2-weighted 
spin-echo images. However, T2-weighted imaging re- 
quires a long echo time, adversely affecting anatomic 
delineation.? It also requires a long repetition time of 
the pulse sequence, leading to a prolonged imaging 
time. Moreover, increased signal intensity occurs in nor- 
mal myocardium, reducing its specificity as a marker of 
infarction.° 

Myocardial perfusion with the paramagnetic con- 
trast agent gadolinium-diethylene-triamine penta- 
acetic acid (DTPA) increases the contrast between in- 
farcted and normal myocardium on T1-weighted spin- 
echo images.®’ Also, ex vivo MRI of reperfused hearts 
using gadolinium-DTPA showed increased contrast be- 
tween normal and reperfused myocardium as compared 
with nonreperfused hearts and reperfused hearts not 
given gadolinium-DTPA.® However, with in vivo imag- 
ing the distinction was less evident. 

This study evaluated the effects of gadolinium- 
DTPA in MRI of patients with an acute myocardial 
infarction and correlated the findings with the patency 
of the infarct-related vessel after thrombolysis. 


D etermination of infarct size and residual myo- 


METHODS 

Nineteen patients with a first acute myocardial in- 
farction were studied by gated MRI within 3 days after 
onset of symptoms; 2 healthy volunteers underwent the 
same protocol. The ages of the patients ranged from 38 
to 64 years (mean 51); 16 were men. All except 1 pa- 
tient had been treated with intravenous streptokinase 
within 4 hours after infarction (mean 99 + 57 minutes). 
The diagnosis in each patient was confirmed by electro- 
cardiographic changes consistent with acute infarction 
and elevation of serum levels of creatine kinase en- 
zymes. Twelve patients had an anterior and 7 an inferi- 
or infarction. Patients were clinically stable and had a 
sinus rhythm to ensure adequate gating of magnetic res- 
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Interval Between Onset of Infarct 
and: 


CK-MB 
Max Infarct Streptokinase Angio 
(U/liter) Site (min) 


* occluded infarct related coronary artery, no collaterals; t occluded infarct-related 
coronary artery, with collaterals. 
io = coronary angiography; ANT = anterior infarction; INF = inferior infarction: 
MRI = magnetic resonance imaging; SD = standard deviation. 


onance data. One patient was discarded from analysis; 
thus, the clinical data of 18 patients are presented (Ta- 
ble I). 

angiography and left ventriculography: 


Coronary ) 
Before MRI, each patient underwent coronary angiog- 
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raphy and left ventriculography in right and left anteri- 
or oblique projections at a mean of 36 + 24 hours after 
onset of infarction. Thus, the infarct-related vessel could 
be assessed and the electrocardiogram-defined site and 
extent of infarction could be confirmed on the ventricu- 
logram, allowing optimal selection of the MRI plane. 
The patency of the infarct-related vessel was scored on 
each arteriogram according to the criteria of the Euro- 
pean Cooperative Study Group for Recombinant Tis- 
sue-type Plasminogen Activator’: 0 = normal vessel; 1 
= mild stenosis <50% of the vessel diameter; 2 = mod- 
erate stenosis >50 but <90%; 3 = severe stenosis 
>90%, but distal vessels fill within 3 cardiac cycles; 4 = 
subtotal occlusion; and 5 = total occlusion. In case of 
total occlusion collateral filling was scored according to 
a 5-point scale described by Wainwright et al.!° Grade 
3 and 4 on this scale represent good and excellent collat- 
eral supply. 

Magnetic resonance imaging: The interval between 
onset of infarction and MRI ranged from 47 to 74 
hours (mean 58 + 9). Patients were transferred from 
the coronary care to the MRI unit under continuous 
electrocardiographic monitoring. 

DATA ACQUISITION: Imaging was performed in a Tes- 
lacon II (field strength: 0.6 Tesla, body coil: 55 cm). 
Electrocardiographic gating was obtained by 3 carbon 
electrodes, attached to nonferromagnetic leads.!! Elec- 
trodes were positioned at 3-cm width, just superior to 
the left nipple. This improved monitoring without inter- 
ruption of the electrocardiographic signal by artifacts, 
due to switching gradient magnetic fields. A trigger de- 
lay was introduced, postponing activation of the pulse 
sequence. A spin-echo technique was used with a time 
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FIGURE 1. Profiles of myocardial signal intensities obtained before and after administration of gadolinium-DTPA. Example of a 
myocardial 


patient with an anteroseptal 


infarction. The circumferential profile is shown on the right, with markers indicating the 


normal myocardium. A linear display of the signal intensities (arbitrary values) obtained before and at the subsequent time 
intervals after injection of gadolinium-DTPA is also presented. After gadolinium-DTPA there is increased signal intensity 
in both normal and infarcted myocardium, but a more distinct enhancement occurs in the infarcted region. 
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to echo of 28 ms. The repetition time was equal to the 
RR interval of the patients. A multislice technique was 
used, with a slice thickness of 10 mm. The distance be- 
tween the center of each slice was 15 mm. The data 
were acquired in a 128 X 256 matrix and interpolation 
for the phase-encoding direction yielded a 256 X 256 
display matrix. Four or 6 excitations were done for each 
phase-encoding step. 

IMAGING PROTOCOL: Plane selection was based on the 
previously known infarct site, derived from the electro- 
cardiogram and the ventriculogram. The orientation 
used included both the infarct area and a region of nor- 
mal myocardium distant from the infarct. Thus, pos- 
terolateral and septal infarctions were imaged in a 
transverse plane; anterolateral, diaphragmatic and pos- 
terobasal infarctions were imaged in a sagittal plane. 
Imaging was done during systole using a trigger delay 
of 200 ms after the R wave. Its purpose was to reduce 


FIGURE 2. Transverse images of a patient (no. 7) with a 47-hour-old myocardial infarction obtained before (A), at 6 to 8 (B), 16 


Deere AS E tour Meer ee gle RSC eo oe 


intracavitary blood signal and to facilitate signal inten- 
sity measurements of the myocardium. After a pre-gad- 
olinium scan of 4 or 5 slices, an intravenous bolus of 0.1 
mmol gadolinium-DTPA/kg body weight was given 
and the same acquisitions were repeated up to 1 hour of 
total imaging time. Generally, 3 multislice series were 
obtained after injection of gadolintum-DTPA. As a con- 
sequence of variations in heart rates, the acquisition 
times of individual series differed. The following catego- 
ries were studied as a function of time: a first acquisi- 
tion series started within 2 minutes after injection with 
a midpoint time of 6 to 8 minutes, a second series start- 
ed at 12 to 15 minutes after injection with a midpoint of 
16 to 18 minutes and a third series started beyond 22 
minutes after injection with a midpoint of 27 to 29 min- 
utes. 

Simultaneously, a phantom was imaged consisting of 
a flexible tube with a diameter of 2.5 cm filled with 





E ta. 


to 18 (C) and 27 to 29 minutes (D) after injection of gadolinium-DTPA. The contrast of infarcted anteroseptal myocardium 


relative to normal myocardium is best visualized on C and D. 
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TABLE II Mean Signal Intensity Ratios in Patients as a Function of Time After Administration of Gadolinium-Diethylene-Triamine 
Pentaacetic Acid 


Midpoint of MRI Acquisitions After Administration 
ete ene 


6-8 min 


1/N 1.06 + 0.16 
N post/N pre — 
| post/I pre — 


1.250.117" 
1.32 + 0.17 
1.59 + 0.31 


16-18 min >22 min 


1.32 +0.16* 
1.22 0.131 
1.54 + 0.31 


1.34+0.11* 
1.25 + 0.15 
1.54 + 0.21 


| = infarcted myocardium; N = normal myocardium; post = after administration of 0.1 mmol /kg Gd-DTPA; pre = before administration of 0.1 mmol /kg Gd-DTPA. 
* differs significantly from |/N pre (p <0.001); t differs significantly from N post/N pre at 2 minutes (p <0.01). 


manganese chloride 0.0001 M_/liter. Its purpose was to 
obtain a measure of signal variability between corre- 
sponding images of subsequently imaged series. The re- 
producibility of the imaging system was tested by imag- 
ing the phantom separately, thereby excluding patient- 
induced motion artifacts. Three multislice series were 
acquired with an electrocardiographic simulator and a 
repetition time of 1,050 and 750 ms. 

Signal intensity measurements: Images were trans- 
fered to a Digital Equipment PDP11 computer. A cir- 
cumferential profile was generated to measure myocar- 
dial signal intensities: the middle of the left ventricular 
cavity was marked and 2 parallel lines were drawn 
around the inner and outer contour of the myocardium. 
Care was taken not to include signal from intracavitary 
flow and epicardial fat. The circumference was then di- 
vided into 256 segments corresponding with 360°, and 
the mean signal intensity of each profile segment was 
measured in arbitrary units. Finally, a linear display of 
the measured signal intensities was obtained by polar 
conversion of the circumferential profile. 


Ei, reperfused irv 


occluded irv, no collaterals 


p < 0.02 


post post 
6-8 min 16-18 min 
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Data analysis: The profiles of myocardial signal in- 
tensities were measured on each image of the consecu- 
tive multislice series obtained before and after adminis- 
tration of gadolinium-DTPA (Figure 1). The slice with 
the best contrast in the infarct area was selected for 
further analysis. Normal myocardium was indicated by 
2 markers, opposite to the a priori known infarct area. 
Next, the infarcted myocardium was marked on the sig- 
nal profile, identified by an increase of signal intensity 
relative to the normal myocardium. If no signal increase 
was observed or in case of a brittle signal intensity pat- 
tern, the infarct area was marked based on the electro- 
cardiogram and catheterization data. In the 2 volun- 
teers with normal hearts half of the myocardium was 
randomly assigned as normal and the remaining half as 
a pseudo-infarct. 

Mean signal intensities over normal and infarcted 
myocardium were calculated before and after gadolini- 
um-DTPA. Results were expressed as intensity ratios of 
infarct relative to normal myocardium (I/N), of normal 
myocardium after gadolinium-DTPA relative to normal 


FIGURE 3. Comparison of mean signal 
intensity ratios of infarcted relative to 
normal myocardium (I/N) as a function of 
time before and after Gd-DTPA, between 
patients with occluded and reperfused 
infarct-related vessels (irv). The 
difference on images acquired directly 

(6 to 8 minutes) after administration 

of gadolinium-DTPA was significant (p 
<0.02). 


post 
27-29 min 


se I A E EE a a BN a 
ee - ` a nE a . A sar Bis ey 
I LS > an $ at A Tah N è ` 


myocardium before gadolinium-DTPA (Npost/Npre) 
and of infarct myocardium after gadolinium-DTPA rel- 
ative to infarct myocardium before gadolinium-DTPA 
(Ipost/Ipre). Intensity ratios were studied at their maxi- 
mum value and as a function of time after administra- 
tion of gadolinium-DTPA. Also, groups of patients were 
compared with occluded (score 4 to 5, no collaterals) 
versus reperfused infarct-related vessels (score 1 to 3, 
plus occluded vessels with collateral filling grade 3 and 
4), with anterior versus inferior infarct sites and with a 
cardiac cycle <900 ms versus >900 ms. One patient 
was discarded from analysis for technical acquisition 
problems. 

Statistical comparison of signal intensity ratios was 
made using the Student ¢ test for paired and unpaired 
data. 


RESULTS 

Angiography: Thirteen patients had 1-vessel disease. 
The infarct-related vessel was the left anterior descend- 
ing artery in 11, the right coronary artery in 5 and the 
circumflex artery in 2 patients. In 4 patients the infarct- 
related vessel was occluded without collateral filling. 
Two patients had occluded vessels with collaterals grade 
3 and 4, whereas the remaining 12 patients showed re- 
perfusion score 2 and 3. 

Magnetic resonance imaging: PHANTOM STUDY: In 
the 4 scans of each patient study, the signal intensities 
of the phantom were measured. The standard deviation 
(expressed as a percentage of the average signal intensi- 
ty value) ranged from 2 to 15% (mean 5%). Intensities 
of myocardium before and after gadolintum-DTPA 
were normalized according to the relative changes of 
the phantom signal intensity. The separate measure- 
ments of the phantom yielded standard deviations rang- 
ing from 0.1 to 1.0% at a simulated heart rate of 57 
beats/min. At a rate of 80 beats/min the variability 
ranged from 0.2 to 0.7%. 

PATIENTS: Figure 2 shows an example of a patient 
with an acute anteroseptal infarction. There is an in- 
creased contrast between the infarcted and normal myo- 
cardium after gadolintum-DTPA. On images before 
gadolinium-DTPA the mean I/N was 1.06 (Table II). 
After gadolinium-DTPA contrast increased to 1.25 on 
acquisitions with a midpoint time of 6 to 8 minutes (p 
<0.001 compared to before gadolinium-DTPA), to 1.32 
at 16 to 18 minutes (p <0.001) and to 1.34 at 27 to 29 
minutes (p <0.001). The mean of the maximum I/N 
values was 1.39 (p <0.001, Table III). 

The mean Npost/Npre ratio was 1.32 at 6 to 8 min- 
utes after injection, 1.22 at 16 to 18 minutes and 1.25 at 
27 to 29 minutes (Table II). The initial ratio differed 
significantly from the ratio at 16 to 18 minutes (p 
<0.01). Individual maximum ratios were observed on 
the initial postinjection images in 14 patients. The mean 
of maximum Npost/Npre ratios was 1.35 (Table III). 

The initial postinjection images yielded a mean 
Ipost/Ipre ratio of 1.59, which did not significantly dif- 
fer from the mean ratio obtained at 16 to 18 minutes 
and at 27 to 29 minutes (Table II). The individual max- 
imum ratios were found on initial postinjection images 
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TABLE Ill Signal Intensity Ratios in Patients and Volunteers 
Before and After Administration of Gadolinium-Diethylene- 
Triamine Pentaacetic Acid 


I/NPre 1/NPost? NPost/NPret | Post/IPret 


1 
2 
3 
4 
5 
6 
7 
8 
9 


| (volunteers) = pseudo-infarct region. Other abbreviations as in Tables | and Il. 

* differs significantly from |/N pre (p <0.001); t differs significantly from N post/N 
pre (p <0.001); + the individual ratios represent the maximum ratio of the 3 series 
after injection of gadolinium-diethylene-triamine pentaacetic acid. 





in 9 patients, on second scans in 5 and on third scans in 
4 patients. The mean of the maximum Ipost/Ipre ratios 
was 1.66 (Table III). This was significantly different 
from mean maximum Npost/Npre (p <0.001). 

VOLUNTEERS: The mean signal intensity ratio pseudo 
I/N of the volunteers before gadolinium-DTPA was 
1.05, similar to I/N in patients (Table III). The con- 
trast remained unchanged after gadolintum-DTPA. The 
maximum ratio of Npost/Npre was 1.40 and of pseudo 
Ipost/Ipre 1.37. Both ratios did not significantly differ 
from Npost/Npre in the patients. Maximum values 
were found in the initial images. 

OCCLUSION VERSUS REPERFUSION SUBGROUPS: No dif- 
ference was observed in the maximum contrast I/N af- 
ter gadolinium-DTPA between patients with occluded 
infarct vessels without collaterals and patients with 
reperfused vessels or occluded vessels with collateral 
supply. However, analyzing I/N as a function of time 
after administration of gadolintum-DTPA, a difference 
of 1.14 + 0.05 versus 1.29 + 0.10 (p <0.02) was found 
on the 6- to 8-minute images (Figure 3). On these ini- 
tial images after gadolintum-DTPA, I/N of reperfused 
vessels differed significantly from I/N before gadolini- 
um-DTPA whereas occluded vessels did not. No differ- 
ence between reperfused versus occluded vessels without 
collaterals was present on the images acquired before 
gadolinium-DTPA and on scans 16 to 18 and 27 to 29 
minutes after gadolinitum-DTPA. Also, no difference 
was noted if all the patients with occluded vessels, in- 
cluding the 2 patients with collaterals, were compared 
to the patients with reperfused vessels. 
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SITE OF INFARCTION AND HEART RATE: There was no 
difference in the maximum ratio I/N after gadolinium- 
DTPA between anterior and inferior infarcts. Nine pa- 
tients had an RR interval shorter than 900 ms during 
the imaging period. Maximum I/N after gadolinium- 
DTPA in these patients was not significantly different 
from the 9 patients with RR longer than 900 ms. 


DISCUSSION 

Magnetic resonance imaging signal intensity in 
myocardial infarction: Increased myocardial water con- 
tent associated with infarction causes a prolongation of 
the relaxation times T1 and T2,!*!> thereby altering 
myocardial signal intensity on spin-echo images. Canine 
studies!>!4 demonstrated increased signal intensity of 
the infarct relative to normal myocardium. Myocardial 
infarction in man showed comparable increase of this 
contrast when the T2 alteration was stressed by MRI.>4 
However, T2-weighted imaging results in loss of signal 
with decreased anatomic delineation of normal myocar- 
dium,’ leads to long imaging times and its specificity is 
questionable. Also, these MRI techniques do not allow 
accurate differentiation between infarction with and 
without reperfusion.!5!6 The use of paramagnetic con- 
trast agents may therefore be beneficial. 

Paramagnetic contrast agents in myocardial infarc- 
tion: The paramagnetic properties of gadolintum-DTPA 
are induced by the magnetic moments of unpaired elec- 
trons of gadolinium that interact with water protons. 
Proton relaxation is enhanced, which shortens relaxa- 
tion times.!’ Decreased T1 and T2 are more pro- 
nounced in damaged myocardium, presumably because 
more gadolinium-DTPA can accumulate in the in- 
creased extracellular fluid. The accumulation is the dy- 
namic result of delivery and washout, and differs be- 
tween normal and damaged myocardium. 

Experimental studies in myocardial infarcts demon- 
strated the different and time-varying effects of gadolin- 
ium-DTPA on relaxation times.° Hearts excised 90 sec- 
onds after administration of 0.35 mmol/kg gadolinium- 
DTPA showed shorter T1 and T2 relaxation times of 
normal compared to infarcted myocardium. However, 
hearts excised at 5 minutes after injection of gadolini- 
um-DTPA exhibited the opposite: T1 was significantly 
shorter in the infarct area due to accumulation of gado- 
lintum-DTPA. Consistent with the T1 shortening, in- 
creased signal intensity of the infarct area was seen. Be- 
cause in vivo MRI takes 6 to 10 minutes, the increased 
signal in infarcts is the result of this accumulation of 
gadolinium-DTPA. Rehr et al’ reported improved visu- 
alization of infarct tissue on Tl-weighted images after 
gadolinium-DTPA compared to T2-weighted images 
without gadolinium-DTPA. Peshock et alë observed an 
increase in the ischemic to normal intensity ratio in re- 
perfusion compared to occlusion. Tscholakoff et al,!® 
however, found no difference. 

In studies in humans, Eichstaedt et al!? found a 70% 
increase of infarct signal after gadolintum-DTPA com- 
pared to T2-weighted images, and a 20% increase in 
normal regions. Patients were imaged between 5 and 10 
days after infarction. However, individual contrast ra- 
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tios were not analyzed. De Roos et al”? reported im- 
proved infarct definition in 5 patients, 2 to 17 days after 
infarction. 

In this study we measured signal intensities by 
means of circumferential profiles, which is less subjec- 
tive than drawing regions of interest. Signals from cavi- 
tary blood and epicardial fat were excluded. Measure- 
ments were standardized to an extracorporal reference, 
allowing comparison of the signal ratios normal-post/ 
normal-pre and infarct-post/infarct-pre gadolinium- 
DTPA. Maximum signal enhancement of normal myo- 
cardium after gadolintum-DTPA was 35% in patients 
and 40% in control subjects. Infarct regions were en- 
hanced by 66%. Infarcts could be discriminated from 
noninfarct areas as contrast between the 2 increased 
from 6% before to 39% after gadolintum-DTPA. The 
contrast ratios on images acquired at the 3 time inter- 
vals after gadolintum-DTPA were all significantly en- 
hanced compared to before gadolinium-DTPA (Table 
II). Between patients with occlusion and reperfusion the 
maximum contrast ratios were not different, but the 
contrast ratio as a function of time allowed differentia- 
tion of infarcts with reperfused and occluded vessels 
(Figure 3). Contrast ratios initially after gadolinium- 
DTPA injection were significantly lower in patients 
with occluded vessels. One explanation can be the de- 
layed “wash in” of gadolintum-DTPA by occluded ves- 
sels in the early minutes after gadolinitum-DTPA, while 
later this disparity is undone due to supply via small 
collaterals. As “wash out” from normal myocardium 
occurs early (Table II), gadolintum-DTPA accumulates 
progressively and remains trapped in the extracellular 
tissue edema, ultimately yielding similar contrast in oc- 
cluded and reperfused zones. 

The distinction between occluded and reperfused in- 
farct vessels can be of importance for patient manage- 
ment. Several studies?!,2* have demonstrated increased 
risk of reinfarction after early reperfusion. A noninva- 
sive modality, capable of differentiating between low 
and high risk for reocclusion, can be helpful for secon- 
dary management by surgery, angioplasty or platelet in- 
hibitors after thrombolysis.” This study indicates that 
the early perfusion dynamics of a paramagnetic contrast 
agent may be useful to distinguish the 2 identities. 
However, observations were done in a small group of 
patients. Furthermore, its clinical use seems presently 
limited by the overlap between individual contrast ra- 
tios. The relatively slow spin-echo techniques tend to av- 
erage distribution and redistribution effects. Ultrafast 
imaging using echoplanar techniques may improve mea- 
surements of early perfusion dynamics.**° 

Increased contrast may represent irreversibly dam- 
aged injury but may also include ischemic but viable 
myocardium. McNamara et al demonstrated in- 
creased contrast in reperfused and irreversibly injured 
tissue, but no contrast was observed in reversible isch- 
emia, suggesting that increased signal represents only 
infarcted myocardium. In contrast, Schaefer et al?’ 
found increased signal intensity in the bed at risk of 
reperfused myocardium, when gadolinium-DTPA was 
injected after 5 minutes of reperfusion. With injection 
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at 90 minutes after reperfusion no increase was found. 
In 2 other studies?*29 ischemia of short duration was 
detected by ex vivo MRI at 1 minute after administra- 
tion of gadolinium-DTPA. These studies suggest that 
ischemia can be detected, but that initial distribution 
effects of gadolinium-DTPA have to be studied, requir- 
ing extremely fast acquisition times. 

Interindividual differences in heart rate cause differ- 
ent repetition times of cardiac gated pulse sequences. 
This affects signal intensities of infarct and normal 
myocardium and might influence contrast ratios. How- 
ever, our results did not show a significant difference 
between patients imaged at RR intervals <900 ms and 
>900 ms. In addition, the contrast was not affected by 
the infarct localization. 

The contrast ratios obtained in this study may be 
further optimized by emphasizing to a greater extent 
the T1 changes induced by gadolinium-DTPA. This in- 
creased T1-weighting can be realized by shortening the 
echo time and repetition time. Although the repetition 
time is coupled to the RR-interval in gated pulse se- 
quences, it can effectively be reduced by modification of 
the pulse sequence. We have previously described such 
a modification and applied it for evaluation of ventricu- 
lar function.2° Also, a higher dose of 0.2 or 0.34 mmol/ 
kg!? may be useful. However, the effectiveness of a 
higher dose is uncertain and its safety remains to be 
established. 
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Role of Two-Dimensional Echocardiography, 
Pulsed, Continuous Wave and Color Flow Doppler 
Techniques in the Assessment of Ventricular 
Septal Rupture After Myocardial Infarction 


Ramesh C. Bansal, MD, Alvin K. Eng, MD, and Masahiro Shakudo, MD 


Two-dimensional echocardiography, pulsed and 


continuous wave Doppler techniques were used for 
the evaluation of 15 consecutive patients (9 men, 6 
women; mean age 71 years, range 61 to 79) with 
ventricular septal rupture due to acute myocardial 
infarction (7 anterior, 8 posterior). Standard and 
modified off-axis 2-dimensional echocardiographic 
views from parasternal, apical and subcostal win- 
dows correctly identified this defect in 14 of the 15 
patients. Pulsed Doppler echocardiography con- 
firmed the presence of left-to-right-—sided shunt by 
showing a high-velocity, aliased, systolic flow and a 
low-velocity diastolic flow in the right ventricle in 
14 patients. Continuous wave Doppler echocardiog- 
raphy showed a high-velocity systolic and low- 
velocity diastolic flow signal of left-to-right shunt in 
14 patients. Color flow Doppler imaging identified 
a left-to-right shunt in all 6 patients in whom it was 
performed. Doppler and 2-dimensional echocardio- 
graphic studies missed a small apical septal defect 
in 1 patient with anteroseptal myocardial infarc- 
tion. Two-dimensional echocardiography correctly 
diagnosed right ventricular infarction in all 5 pa- 
tients with posteroinferior infarction. Ventricular 
septal rupture and/or left-to-right—sided shunt was 
confirmed in all 15 patients by the following: surgi- 
cal inspection in 11, necropsy in 3, left ventricular 
cineangiography in 5 and right-sided heart cathe- 
terization and oximetry data in 13 patients. Data 
indicate that 2-dimensional echocardiography cor- 
rectly shows the precise location of septal rupture 
in most patients after acute myocardial infarction 
and allows assessment of left and right ventricular 
infarction and function. Pulsed, continuous wave 
and color flow Doppler imaging shows the presence 
and location of left-to-right—sided shunt and differ- 
entiates this lesion from acute mitral regurgitation. 
Complete Doppler and 2-dimensional echocardio- 
graphic studies make invasive and potentially haz- 
ardous left ventricular cineangiography unneces- 
sary for the majority of patients with ventricular 
septal rupture. (Am J Cardiol 1990;65:852-860) 
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upture of the ventricular septum is a rare but 
R i catastrophic complication that occurs in 1% 

of patients with fatal acute myocardial infarc- 
tion.! Patients usually present within a week after myo- 
cardial infarction with biventricular failure, shock and a 
new pansystolic murmur. Clinically, a postmyocardial 
infarction ventricular septal defect may be easily con- 
fused with acute mitral regurgitation and differentiation 
is essential for planning optimal medical and surgical 
management. A diagnosis of ventricular septal rupture 
can be established by bedside right-sided heart catheter- 
ization with a flow-directed balloon catheter and oxi- 
metric measurements showing an increase in oxygen 
saturations from the right atrium to the right ventricle. 
However, localization of ventricular septal defect and 
degree of left and right ventricular dysfunction cannot 
be evaluated. Left ventricular cineangiography is inva- 
sive and carries a significantly increased risk to the un- 
stable patient. 

Echocardiography is a noninvasive procedure that 
can be rapidly performed at the patient’s bedside in an 
intensive care unit. Scalan et al? first used 2-dimension- 
al echocardiography for detection of postinfarct ventric- 
ular septal defect in 1974. There have been a number of 
subsequent reports describing the use of 2-dimensional 
echocardiographic imaging to visualize this defect.?-5 
Pulsed Doppler echocardiography has been used to de- 
tect ventricular septal defect and to distinguish it from 
acute mitral regurgitation.®-!? The recent development 
of color flow Doppler has been suggested to improve the 
detection, visualization and characterization even fur- 
ther.!4-!6 However, most of these studies comprise iso- 
lated case reports or involve only a small number of 
patients. This study assesses the value of 2-dimensional, 
pulsed and continuous wave Doppler techniques in 15 
consecutive patients with postmyocardial infarction ven- 
tricular septal defect. 


METHODS 

Patient population: Patients with diagnoses of acute 
myocardial infarction and ventricular septal defect or 
rupture were located from a computer search of the 
echocardiography laboratory and medical records de- 
partment at Loma Linda University Medical Center. 
Between January 1, 1985, and December 31, 1988, 15 
consecutive patients who had postmyocardial infarction 
ventricular septal defect confirmed by surgery, necropsy 
or oximetric data were identified. All these patients had 
2-dimensional and Doppler echocardiographic studies 
and form the basis for this report. Oximetric data had 
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Postinfarct resection 
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Post-VSD closure 
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* Necropsy data; t recanalized occlusion. Patient 15 had aortic stenosis, velocity 3.0 m/s. 
2-D = 2-dimensional imaging; Ant = anterior; CW = continuous wave velocity; ECG = electrocardiogram; LAD = left anterior descending; LC = left circumflex; M = obtuse marginal; 
ND = not done; PA = pulmonary artery; post = posterior; PW = pulsed wave Doppler; RV = right ventricle; RVSP = right ventricular systolic pressure; TDS = technically difficult study; 


VSD = ventricular septal defect; + = present; O = not present. 


suggested the diagnosis in 4 patients before echocardi- 
ography. In others, echocardiography was requested be- 
cause of a new systolic murmur or assessment of left 
ventricular function after myocardial infarction. 

Clinical assessment: Clinical histories were retro- 
spectively reviewed in regard to age, sex, cardiac risk 
factor profile, history of angina pectoris and prior in- 
farction. The clinical history of chest pain, electrocar- 
diographic abnormalities (ST elevation >1 mm fol- 
lowed by the development of Q waves) and an increase 
in creatine phosphokinase isoenzymes were the criteria 
used to confirm the diagnosis of acute infarction. The 
hospital course was reviewed for the timing and devel- 
opment of complications such as heart failure, shock, 
arrhythmias, recurrent ischemia, septal rupture and val- 
vular regurgitation. Anatomic confirmation was ob- 
tained from surgical and necropsy reports. 





Echocardiographic assessment: Echocardiographic 
studies were performed with a Hewlett-Packard 
77020A ultrasound machine equipped with a 2.5-MHz 
phased-array transducer, a Johnson and Johnson Irex 
Meridian ultrasound machine equipped with a 3.5- 
MHz phased-array transducer or an Aloka SSD-880 ul- 
trasound machine equipped with a 3.5-MHz phased-ar- 
ray transducer. All 15 patients had M-mode, 2-dimen- 
sional imaging and conventional Doppler studies. Six 
patients had additional color flow Doppler studies per- 
formed. Standard and modified off-axis views were ob- 
tained from the parasternal, apical and subcostal win- 
dows using previously described techniques.!7:!8 

Left ventricular segmental and global wall motion 
and ejection fraction were estimated qualitatively.!? 
Right ventricular wall motion and function were as- 
sessed from multiple 2-dimensional echocardiographic 
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was confirmed by detecting an abnormal Doppler flow 
signal of the left-to-right-sided shunt within the region 
of the anatomic defect. Pulsed Doppler interrogation of 
the presumed site of ventricular septal defect was per- 


views.” Ventricular septal rupture was defined structur- 
ally by an anatomic defect in either the anterior or pos- 
terior portion of the interventricular septum on 2-di- 
mensional echocardiographic imaging. The diagnosis 
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FIGURE 1. Apical 4-chamber view with pos- 
terior angulation toward coronary sinus (A) 
and parasternal short-axis view (B) from pa- 
tient no. 11 with posteroinferior infarction 
and posterior septal rupture. Arrow indicates 
the site of rupture. Continuous wave Doppler 
interrogation through defect from parasternal 
position (C) showing a positive, high-velocity 
systolic signal of 3.9 m/s of left-to-right 
shunt. This estimates peak systolic gradient 
of 61 mm Hg between the left ventricle (LV) 
and right ventricle (RV) and indicates a pul- 
monary artery systolic pressure of 49 mm Hg 
(aortic pressure 110/70). RV systolic pres- 
sure by catheterization was 50 mm Hg. Low- 
velocity diastolic flow is also noted. Each cali- 
bration mark indicates a 2.0 m/s velocity in- 
crement. LA = left atrium; RA = right 
atrium; VSD = ventricular septal defect. 
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FIGURE 2. Apical 4-chamber views without (A) and with color flow imaging (B), subcostal 4-chamber view (C) and subcostal 
short-axis view with color flow imaging (D) after surgical repair of posterior septal rupture from patient no. 11, whose preopera- 
tive study is shown in Figure 1. Arrow indicates site of septal patch and on color flow exam, trivial, residual left-to-right shunt is 
seen. E, the continuous wave Doppler interrogation of the shunt flow from the apex. Bidirectional high-velocity systolic flow is 
noted due to poor alignment of Doppler beam. Abbreviations as in Figure 1. 
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formed by placing the sample volume in that region and 
a high-velocity, aliased flow throughout the systole 
within the defect was diagnostic for ventricular septal 
defect with shunting. Continuous wave Doppler exami- 
nation was performed from parasternal, apical or sub- 
costal windows and an effort was made to align the 
beam parallel to the direction of the left-to-right-sided 
shunt flow. A high velocity systolic flow signal above 
the zeroline was usually obtained from the parasternal 
or subcostal position. 

Right ventricular systolic pressure was calculated 
from the maximal continuous wave Doppler systolic ve- 
locity (V) through the ventricular septal defect. The 
peak velocity indicates the peak systolic pressure gradi- 
ent between the left and right ventricles which can be 
calculated using the modified Bernoulli equation, which 
is as follows2!: left ventricle to right ventricle systolic 
pressure gradient = 4V’. Left ventricular systolic pres- 
sure can be assumed to be equal to the brachial artery 
systolic pressure obtained by cuff or arterial line in the 
absence of aortic stenosis. Therefore, right ventricular 
systolic pressure = aortic systolic pressure — pressure 
gradient (4V’). Right ventricular systolic pressure is 
equal to pulmonary artery systolic pressure in the ab- 
sence of pulmonic stenosis. 

Using color flow Doppler, a disturbed, mosaic color 
pattern within the defect was used to identify the site of 
shunt flow through the ventricular septal defect. The 
usual convention of displaying flow toward the trans- 
ducer in red and away from the transducer in blue was 
used. 

Hemodynamic assessment: Bedside right-sided 
heart catheterization was performed in 14 patients and 
oximetric data from various cardiac chambers were ob- 
tainable from 13 patients. Abnormal increase in oxygen 
saturations was defined as an increase of at least 5% 
from the right atrium to the right ventricle.’ Left-sided 


FIGURE 3. Systolic frame of apical 4-cham- 
ber view with anterior angulation with color 
flow interrogation (A) and schematic diagram 
of 3A (B) from patient no. 2 with anteroseptal 
infarction and rupture of anterior septum in 
its midportion. There is marked thinning and 
expansion of the anterior septum and apex. 
Arrow indicates the site of rupture. Color 
flow analysis reveals 2 flows; 1 normal flow 
through aortic valve and the other abnormal 
flow through septal rupture. C, continuous 
wave Doppler through septal rupture from 
apical position showing a high-velocity systol- 
ic signal of 3.3 m/s of left-to-right shunt in- 
dicative of left ventricle-to-right ventricle peak 
systolic pressure gradient of 44 mm Hg indi- 
cating a pulmonary artery systolic pressure of 
46 mm Hg (aortic pressure 90/64). Right 
ventricular (RV) systolic pressure by cathe- 
terization was 42 mm Hg. Each calibration 
mark indicates a 0.5 m/s velocity increment. 
AV = aortic valve; | = inferior; L = left; R = 
right. Other abbreviations as in Figure 1. 





heart catheterization was performed using standard Sel- 
dinger technique via the femoral arteries. Thirteen pa- 
tients had coronary arteriography and 5 patients had 
additional biplane left ventricular cineangiography. Sig- 
nificant coronary stenoses were defined as a >70% di- 
ameter narrowing by visual inspection of cine films. 
Ejection fraction was calculated using standard meth- 
ods.*° 

Anatomic assessment: The diagnosis of ventricular 
septal rupture was confirmed either at the time of surgi- 
cal intervention and repair in 11 patients or at necropsy 
examination in 3. The reports were reviewed for de- 
scription of the size and location of right and left ven- 
tricular infarction and for the site, size and shape of the 
ventricular septal rupture. Photographs were reviewed 
when available. 


RESULTS 

Clinical: All 15 patients were elderly with a mean 
age of 71 years (range 61 to 79, standard deviation + 
5). There were 9 men and 6 women in the study group. 
A history of hypertension was present in 8 patients and 
diabetes was present in 5. This was the first infarction 
for all 15 patients. The site of infarction was anterior in 
7 patients and posteroinferior in 8 by electrocardio- 
graphic criteria. They all developed a new holosystolic 
murmur and hypotension after acute infarction. Four- 
teen patients required vasopressor and inotropic therapy 
and 9 patients had additional intraaortic balloon coun- 
terpulsation used for hemodynamic support. The time 
from initial presentation to the time of ventricular septal 
rupture was 5 days (range 0 to 20, standard deviation + 
5.0). Surgery was performed in 11 patients. Most of 
these patients had their repair within 1 week of diagno- 
sis of ventricular septal defect (mean 7 days, range 0 to 
28, standard deviation + 7). The suspected diagnosis of 
ventricular septal defect was confirmed in all 11 pa- 
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tients. Eight of the surgical patients subsequently died. 
The remaining 4 patients were hemodynamically too 
unstable to undergo immediate surgery and were con- 
tinued on medical therapy without intraaortic balloon 
counterpulsation. All 4 patients died and the suspected 
diagnosis of ventricular septal rupture was confirmed in 
3 patients at necropsy examination. The remaining pa- 
tient (no. 5) did not have postmortem examination (Ta- 
ble I). 

Echocardiography: Standard and modified off-axis 
2-dimensional echocardiographic views were used to vi- 
sualize the ventricular septal defect. Two-dimensional 
echocardiography correctly identified the site of infarc- 
tion in all 15 patients and the site of ventricular septal 
rupture in 14 patients (Table I). Of the 8 posteroinfer- 
ior infarcts, the posterior septal ruptures were localized 
just below the internal crux of the heart (Figures 1 and 
2). Of the 7 anterior infarcts, the septal rupture was 
found in the midanterior septum in 2 patients (Figures 
3, 4, 5 and 6) and more distally toward the apex (Figure 
7) in 4 patients. The remaining patient had a technical- 
ly poor echocardiographic image and the site of rupture 
could not be identified. The sites of ventricular septal 
rupture are schematically illustrated in Figures 7 and 8. 


FIGURE 4. Anatomic section of heart through the 4 chambers 
with aorta plane from patient no. 2 whose echocardiographic 
findings are shown in Figure 3. It shows marked 

thinning and expansion of the anterior septum and apex. 

The ventricular septal defect is noted in the midportion 

of the septum (arrow) and corresponds to site noted on 
2-dimensional echocardiograms in Figure 3. 
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Left ventricular wall motion and ejection fraction were 
assessed qualitatively.'!? Ejection fraction varied from 35 
to 55%. Right ventricular infarction was found in 5 of 
the 8 posteroinferior and 2 of the 6 anterior infarction 
patients at the time of surgery or necropsy. Two-dimen- 
sional echocardiography was correct in identifying right 
ventricular infarction in all 5 posteroinferior infarct pa- 
tients but was correct in only 1 of the anterior infarct 
patients. 

Pulsed Doppler interrogation revealed a high veloci- 
ty, aliased flow in 14 patients (Figure 9A) in the region 
of the anatomic defect. A low-velocity diastolic signal 
related to left-to-right-sided shunting was also frequent- 
ly noted. This clearly distinguished the lesion of ventric- 
ular septal defect from acute mitral regurgitation. Only 
1 patient had a suboptimal examination where Doppler 
signal of left-to-right shunt was not obtainable. Contin- 
uous wave Doppler interrogation revealed a characteris- 
tic flow signal of the left-to-right-sided shunt (Figures 
1, 3, 5 and 9). There was a high velocity systolic flow 
signal indicative of the peak left ventricle-to-right ven- 
tricle systolic pressure gradient followed by a low-veloci- 
ty flow signal throughout most of diastole and a presys- 
tolic-flow velocity accentuation at the time of atrial sys- 
tole (Figures 1 and 5). Flow velocities through the 
ventricular septal defect ranged from 2.5 to 4.3 m/s. 
Calculated right ventricular systolic pressures ranged 
from 36 to 65 mm Hg, indicative of mild to moderate 
pulmonary hypertension. These derived values correlat- 
ed reasonably well with catheter-derived pulmonary ar- 
tery pressures (r = 0.60). The high velocity signal was 
positive from the parasternal or subcostal position (Fig- 
ure 1) and either negative (Figure 3) or bidirectional 
(Figure 2) from the apical position. Color flow Doppler 
imaging was performed in 6 patients. Mosaic color flow 
signals indicating left-to-right-sided shunt flow were 
easily seen in the area of the anatomic defect (Figures 
2, 3 and 5). No patient in this series had flail mitral 
leaflet or severe mitral regurgitation. Mild mitral regur- 
gitation present in the majority of these patients was 
easily differentiated from shunt flow by the Doppler 
methods. 

Hemodynamics and angiography: All 13 patients 
with oximetric studies had an increase in oxygen satura- 
tions. However, because of the incomplete database, the 
pulmonary-to-systemic flow ratio (Qp/Qs) could not be 
retrospectively calculated in all patients. When data 
were complete, calculated Qp/Qs ranged from 1.5 to 
3.5. Only 3 patients had multiple coronary lesions with 
>70% diameter narrowing. As expected, all of the pos- 
teroinferior infarctions had an occluded right coronary 
artery. All of the anterior infarctions had an occluded 
left anterior descending artery. Of these 13 patients un- 
dergoing coronary arteriography, 5 had additional left 
ventriculography performed. Calculated ejection frac- 
tions ranged from 35 to 57% and septal rupture was 
well shown in all 5 patients. 


DISCUSSION 
Two-dimensional echocardiography: Two-dimen- 
sional echocardiography has permitted visualization of 
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postmyocardial infarction ventricular septal defect in (Figure 1B). If the transducer is tilted back toward the 
some but not in all patients.2-> Bishop et alf studied 10 coronary sinus!’ the posterior portion of the septum can 
patients with postinfarct ventricular septal defect (5 an- be seen from the apical 4-chamber view and defects are 
terior, 5 posterior) and were able to visualize the defect usually visualized as oblique tears just below the inter- 
using 2-dimensional echocardiography in all patients. nal crux of the heart (Figure 1A). The subcostal projec- 
Drobac et al used 2-dimensional echocardiography and tion (Figure 2C, 8C) provides another view of the poste- 
could visualize the septal defect in only 6 of 13 patients. rior septum. This view also provides an excellent image 
Several other investigators noted lower sensitivities of 2- of the inferior wall of the right ventricle where infarc- 
dimensional echocardiography in visualization of these tion can be identified. Using a combination of these 
defects and the detection rate improved markedly by views, all 8 posterior ventricular septal defects occurring 
the addition of pulsed wave Doppler interrogation.®' in association with posteroinferior infarction were visu- 
In our study ventricular septal defect was adequately alized. 

visualized in 14 of 15 patients by 2-dimensional echo- The anterior ventricular septal defect in association 
cardiography. For visualization of posterior septal de- with anterior infarction is usually located in the distal 
fects we found the parasternal short axis at the papillary third of the septum toward the apex. Rupture in the 
muscle level, apical 4-chamber views with a slight poste- basal to midportion of the anterior septum is less com- 
rior tilt toward the coronary sinus and subcostal 4- mon. The apical 4-chamber view with or without the 
chamber views to be the most reliable (Figure 8). The aorta!8 and the direct short-axis view of the apex!’ were 
parasternal short-axis view (Figure 1B, 8B) can easily useful for visualization of these defects (Figures 3, 4, 5, 
separate the anterior two-thirds of the interventricular 6 and 7). The parasternal short-axis views were not use- 
septum (which is supplied by the left anterior descend- ful in imaging the more distally located anterior ventric- 
ing artery) from the posterior one-third of the interven- ular septal defect. Using these views, 6 of 7 anterior 
tricular septum (which is supplied by the posterior de- ventricular septal defects were correctly visualized. In 
scending artery). The transducer should be slowly angu- the remaining patient the defect was a small oblique 
lated between the mitral valve and papillary muscle tear in the distal apical septum, which was missed by 2- 
level and the site of rupture can usually be located in dimensional echocardiography. The direct short-axis 
the most posterior portion of the interventricular septum view of the apex was not attempted in this patient. 
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FIGURE 5. Apical 4-chamber view without (A) and with (B) color flow interrogation from patient no. 7 with anterior 

infarction and rupture of the midseptum. The rupture is seen as a tunnel-like defect and the site of communication between the 
left ventricle (LV) and right ventricle (RV) is noted by the arrow. Color flow image shows turbulent flow signal of left-to-right 
shunt in the tunnel-like septal defect. C, continuous wave Doppler through the septal rupture from the parasternal position 
showing a high velocity systolic flow signal of 3.4 m/s indicative of a LV to RV peak systolic pressure gradient of 46 mm Hg in- 
dicating a pulmonary artery systolic pressure of 39 mm Hg (aortic pressure 85/55). RV systolic pressure by catheterization was 
45 mm Hg. Each calibration mark indicates a 2.0 m/s velocity increment. Abbreviations as in Figure 1. 
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FIGURE 6. Anatomic section of heart through the 4-chamber 
plane from patient no. 7 whose echocardiographic findings are 
shown in Figure 5. Note the tunnel-like defect in the midpor- 
tion of the septum which corresponds well to echocardio- 
graphic findings. The right ventricular free wall is hemorrhag- 
ic (dark shade), indicative of infarction and necrosis. 


Pulsed and continuous wave Doppler and color flow 
imaging: The pulsed Doppler sample volume was placed 
within the region of the defect and a high-velocity, 
aliased, systolic signal (Figure 9A), indicative of left-to- 
right shunt flow, was seen in 14 patients. These findings 
were similar to those previously reported.® !3 

Continuous wave Doppler techniques have been used 
in the detection of congenital ventricular septal defect 





A. Apical Four-Chamber View 
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and assessment of right ventricular hemodynamics. 
However, this is the first study describing the use of 
continuous wave Doppler techniques in the diagnosis 
and management of postinfarct ventricular septal de- 
fect. Using multiple 2-dimensional views, the continuous 
wave Doppler beam can be correctly aligned parallel to 
the shunt flow to obtain a high velocity systolic and low 
velocity diastolic flow signal (Figures 1, 3, 5 and 9). 
Interrogation from the parasternal or subcostal window 
results in a high velocity, positive, systolic signal (Fig- 
ures 1, 5 and 9) and from the apical window a bidirect- 
ional (Figure 2) or negative (Figure 3) systolic signal of 
left-to-right-sided shunt. Anteriorly directed high-veloc- 
ity systolic signals on continuous wave Doppler exami- 
nation from the parasternal or subcostal window in pa- 
tients with acute myocardial infarction is highly sugges- 
tive of postinfarction ventricular septal defect. An 
anteriorly directed jet of mitral regurgitation, in the 
presence of flail posterior mitral leaflet, is another situa- 
tion where a similar type of continuous wave Doppler 
signal may be recorded. This lesion, however, can be 
easily differentiated by clinical history and complete 2- 
dimensional and Doppler echocardiographic examina- 
tion.!6 

Doppler-derived right ventricular systolic pressures 
from the modified Bernoulli equation correlated reason- 
ably well with catheter-derived pulmonary artery systol- 
ic pressures (within + 10 mm Hg). Hemodynamic and 
Doppler measurements were obtained nonsimultaneous- 
ly in this retrospective study. Loading conditions and 
medication use in these unstable patients varied tremen- 
dously from day to day. These limitations could have 
accounted for the different values of derived and calcu- 
lated pulmonary pressures. Ventricular septal rupture 
after myocardial infarction also frequently produces a 
serpiginous and tunnel-like defect. Use of the simplified 
Bernoulli equation has been reported to provide a slight 
underestimation of pressure decrease through tunnel- 
like stenoses of a very small diameter.** Despite these 
theoretical limitations continuous wave Doppler-derived 
signal through the septal defect provided a reasonable 
estimate of right ventricular systolic pressure. 


FIGURE 7. Schematic diagrams of 2- 
dimensional echocardiographic views 

for visualization of anterior septal 
rupture; apical 4-chamber view (A) and 
apical short-axis view (B). Arrows in 

each indicate a typical site of apical 
septal rupture. In some patients the trans- 
ducer needs to be tilted anteriorly from 
the apical 4-chamber position to visualize 
the defect. Abbreviations as in Figure 1. 
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Whenever a clear, characteristic Doppler signal was 
obtainable, color flow Doppler interrogation did not 
provide any more significant information. Color flow in- 
terrogation probably shortened the examination period 
by quickly outlining the abnormal flow pattern, espe- 
cially in the presence of small-sized anatomic defects. 
The additional ease and rapidity of color flow interroga- 
tion is especially important in any critically ill patient 


FIGURE 8. Schematic 
diagrams of 2-dimen- 
sional echocardio- 
graphic views for visu- 
alization of posterior 
septal rupture; 
modified off-axis 
apical 4-chamber view 
(A), parasternal 
short-axis view (B) 
and subcostal 4-cham- 
ber view (C). Arrows 
in each indicate a 
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where diagnosis should be rapidly made for a successful 
outcome. Color flow Doppler was correct in all 6 pa- 
tients in whom it was used (Figures 2, 3 and 5). 
Limitations: This study is affected by the limitations 
inherent in retrospective studies where data collection is 
dependent on chart review. Echocardiographic and he- 
modynamic data were not simultaneously obtained. 
Color flow Doppler studies were not done in all 15 pa- 
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FIGURE 9. Pulsed wave (A) and continuous wave (B) Doppler signals from a low parasternal position in patient no. 4 with apical 
septal rupture. A high velocity, aliased, pulsed wave signal (arrows) is recorded throughout systole in A. Continuous wave inter- 
rogation shows a positive, high-velocity systolic signal of 3.2 m/s of left-to-right shunt estimating a peak systolic gradient of 41 
mm Hg and indicating a pulmonary artery systolic pressure of 54 mm Hg (aortic pressure 95/70). B also shows a low velocity 
left-to-right shunt flow during diastole (arrow heads) due to left ventricle-to-right ventricular diastolic pressure gradient. Pulsed 
Doppler examination also shows a low velocity diastolic signal but it is less obvious due to wall filter. Each calibration mark in A 
indicates a 0.5 m/s and in B a 2.0 m/s velocity increment. 
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tients. However, with adequate conventional Doppler 
signals, color flow interrogation probably would not 
have added any more information. Although early color 
flow technology was available in 1985 the large physical 
size of the machinery limited its use due to lack of por- 
tability and mobility. 

Implications: Multiple 2-dimensional echocardio- 
graphic views allow assessment of segmental and global 
biventricular function, site of infarction and ventricular 
septal rupture in the majority of patients. Pulsed, con- 
tinuous wave and color flow Doppler techniques show 
the presence of left-to-right-sided shunt and aid in the 
estimation of right ventricular or pulmonary artery sys- 
tolic pressures. Substantial right ventricular infarction 
in patients with posteroinferior infarcts has a significant 
impact on prognosis*>?°; this can be assessed by 2- 
dimensional echocardiography. Several recent studies 
question the value of preoperative catheterization and 
angiographic procedures, which carry a substantially in- 
creased risk in the acute situation of postinfarction 
ventricular septal defect.2°-?8 Piwnica et al?’ recom- 
mended that an effort should be made toward expedi- 
tious surgical closure of the ventricular septal defect and 
that bypass grafting should be performed on a selective 
rather than routine basis. Radford et al”? also showed 
no difference in the early and late operative results be- 
tween the 2 groups of patients with and without bypass 
surgery. Based on the findings of bedside right-sided 
heart catheterization, oximetric data and echocardiog- 
raphy, patients with this lesion can be referred for ur- 
gent surgical repair before the development of cardio- 
genic shock.’ If the surface or transthoracic echocar- 
diographic study is suboptimal and nondiagnostic, then 
transesophageal echocardiographic examination would 
be of value in direct visualization of the septal rupture.*° 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Transmural Ventricular Activation 
During Consecutive Cycles of Sustained 
Ventricular Tachycardia Associated 
with Coronary Artery Disease 


Nancy A. Branyas, MD, Michael E. Cain, MD, James L. Cox, MD, and Dennis M. Cassidy, MD 


E EES NET SAUER S RET ME Rie V VRS Sa eee ae A 
Although computerized mapping has enabled the 
intraoperative delineation of global ventricular 
activation from a single complex of ventricular 
tachycardia (VT), beat-to-beat reproducibility of 
isochronic maps has not been defined. To deter- 
mine the reliability of single-beat analysis, epicardi- 
al and transmural ventricular electrograms during 
6 consecutive VT cycles were analyzed in 10 pa- 
tients during intraoperative mapping of sustained 
monomorphic VT. Bipolar electrograms were re- 
corded simultaneously using sock and needle elec- 
trodes from up to 96 epicardial and 156 trans- 
mural sites. In each patient, at each electrode site, 
local activation time, electrogram duration and 
morphology were compared over 6 consecutive 
beats. A total of 9,816 electrograms were ana- 
lyzed. For each patient, the isochronic activation 
map during VT was reproducible. Mean beat-to- 
beat variations in local epicardial and transmural 
activation times were only 1.7 + 1.7 and 2.04 + 
1.9 ms, respectively (difference not significant). 
Moreover, electrogram duration did not vary signif- 
icantly. Mean variations in epicardial and trans- 
mural electrogram durations were 2.1 + 1.8 and 
1.4 + 1.9 ms, respectively (difference not signifi- 
cant). There were only 2 instances of 2:1 conduc- 
tion failure; both occurred intramurally and adja- 
cent to a site of VT origin. Thus, transmural ven- 
tricular activation during sustained monomorphic 
VT is reproducible regardless of electrode site or 
electrogram duration. These results demonstrate 
that analysis of a single beat of VT is a reliable and 
expedient method to delineate ventricular activation 
during intraoperative computerized mapping for the 
purpose of clinical decision-making in patients with 
sustained monomorphic VT. 

(Am J Cardiol 1990;65:861-867) 
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ap-guided surgical procedures for sustained 
IM terse ventricular tachycardia (VT) 

depend on the identification of myocardial tis- 
sue responsible for arrhythmogenesis.' We have demon- 
strated previously that computerized, 3-dimensional, 
intraoperative mapping in patients enables simultaneous 
acquisition, storage and analysis of multiple epicardial, 
intramural and endocardial electrograms derived from a 
single depolarization of the heart.>? This approach en- 
ables accurate and expedient analysis of transmural 
ventricular activation, decreases or obviates the need for 
cardiopulmonary bypass during mapping and avoids a 
ventriculotomy for recording endocardial signals. Com- 
puterized mapping assumes that analysis of a single, 
randomly selected beat is representative of ventricular 
activation during each cycle of VT. The purpose of this 
study was to define the periodicity of epicardial and 
transmural ventricular activation during sustained 
monomorphic VT to determine the reliability of single- 
beat analysis for clinical decision-making during intra- 
operative mapping. 


METHODS 

Patients: Ten consecutive patients with coronary ar- 
tery disease and medically refractory sustained mono- 
morphic VT referred to Barnes Hospital for intraopera- 
tive mapping and arrhythmia surgery were studied after 
informed consent. All patients had a history of a remote 
transmural myocardial infarction. Ventricular function, 
locus of infarction and presence of a left ventricular 
aneurysm were determined in each patient by cardiac 
catheterization. Catheter endocardial mapping during 
VT was performed preoperatively in each patient using 
standard catheter techniques.* No patient was receiving 
treatment with antiarrhythmic medications at the time 
of intraoperative mapping and surgery. Pertinent clini- 
cal characteristics of the 10 patients studied are sum- 
marized in Table I. A total of 25 morphologies of sus- 
tained monomorphic VT were induced or had been ob- 
served to occur spontaneously. One morphology of VT 
from each patient was analyzed for beat-to-beat repro- 
ducibility of epicardial, intramural and endocardial 
electrograms. 

Intraoperative mapping: Epicardial and transmural 
ventricular mapping were performed in each patient af- 
ter induction of anesthesia, exposure of the heart 
through a median sternotomy, cannulation of the great 
vessels and institution of normothermic cardiopulmo- 
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FIGURE 1. Representative epicardial electrograms recorded during sustained monomorphic ventricular tachycardia. For each 

, computer cursors mark electrogram onset, local activation and electrogram offset. Numbers 105 through 112 
represent electrode channels. Numbers on the far left of each recording refer to a peak-to-peak amplitude scale (in mV) 
after autoranging of the individual electrograms. In this example, no electrogram was recorded from electrode 105. 


FIGURE 2. Top, surface ECG 
leads I, aVF and V;R recorded 
during sustained ventricular 
tachycardia along with the oper- 
ator-selected time window used 


grams recorded from a patient 
during 2 of the 6 consecutive VT 
cycles analyzed. The format is 
the same as in Figure 1. 
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nary bypass. The heart was emptied and a nylon mesh 
sock with up to 96 bipolar button electrodes was posi- 
tioned over the ventricles. The heart was then filled with 
blood to ensure good electrode contact. Epicardial but- 
ton electrodes had an interpole spacing of 1.5 mm and 
were positioned evenly over the right (48 electrodes) 
and left (48 electrodes) ventricles. Sustained VT was 
induced by programmed ventricular stimulation. Deci- 
sions regarding pacing site and stimulation protocol 
were based on the results of the preoperative electro- 
physiology study. 

The sock was then removed. Depending on the size 
and location of the infarction, up to 39 plunge needles, 
each with 4 bipolar electrodes and detecting signals 
from 156 sites simultaneously, were positioned in a grid- 
like arrangement around the region of interest. The re- 
gion of interest was defined by the results of the preop- 
erative catheter map and the epicardial map obtained 
with the sock, as well as at selected right ventricular 
sites. In instances where the interventricular septum was 
involved, the right atrium was opened and the needles 
inserted through the interventricular septum to facili- 
tate accurate assessment of transseptal activation. Thus, 
comprehensive analysis of transmural and transseptal 
left ventricular activation was accomplished without the 
need to open the left ventricle. Plunge needle electrodes 
were fabricated from 50-um Teflon-insulated tungsten 
wire and contained in a 21-gauge stainless steel needle. 
Four bipolar pairs (8 wires) were used, with each com- 
ponent of a pair separated by 0.5 mm with a separation 


Mean age (yrs) 

Sex (M/F) 

Locus of MI 
Anterior 
Inferior 


LV aneurysm 
LV ejection fraction (%) 
VT morphologies 
Left BBB 
Right BBB 
VT cycle length (ms) 


BBB = bundle branch block; LV = left ventricular; MI = myocardial infarction; VT = 
ventricular tachycardia. 





between pairs of 2.5 mm. The parallel wire array was 
epoxied in a half section of a 21-gauge needle, and a 3- 
mm collar was anchored to the shaft 1.0 mm proximal 
to the most epicardial electrode of the linear array to 
ensure uniform subepicardial depth. 

To help facilitate accurate localization of the elec- 
trode recording sites, a high-resolution video camera 
system and recorder were installed over the operating 
table to record the placement of the mapping electrodes. 
Still-frame photographs from the video record were 
used to help draw maps to scale on a coordinate system. 

Data processing and electrogram analysis: Epicar- 
dial and transmural ventricular electrograms were pro- 
cessed and analyzed using a computer-assisted mapping 
system that has been described in detail previously.?” 
The data acquisition system was developed to obtain 





FIGURE 3. Top, surface electrocardiogram leads |, aVF and V;R recorded during sustained ventricular tachycardia (VT) along 
with the operator-selected time window used to identify the 6 consecutive beats for analysis. Bottom, representative transmural 

recorded during 3 of the 6 consecutive beats of VT analyzed. Electrode channels 97 through 100 depict endocardi- 
al to epicardial activation from 1 plunge needle. Channels 101 through 104 are from a second plunge needle. 
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and process up to 156 bipolar electrograms simulta- 
neously from human myocardium at the time of sur- 
gery. 

Data analysis for the purpose of this study was per- 
formed off-line in several automated steps using a 
microVAX (Digital Equipment Corp.) computer 
equipped with high-resolution graphic capabilities. The 
electrocardiogram was scanned and a time window that 
encompassed 6 consecutive cycles of VT was selected. 
The first or last beat of VT was never included in the 
time window. Each electrogram was autocalibrated and 





FIGURE 4. Three-dimensional, isochronic maps of global ven- 
tricular activation during 2 of the 6 consecutive cycles of ven- 
tricular tachycardia (VT) analyzed along with lead V;R of an 
electrocardiogram. The ventricles are represented by 5 short- 
axis slices from the base to the apex. The anterior surface and 
left anterior descending coronary artery are at the Jower mar- 
gin of each slice. The right ventricle is at the /eft of each slice. 
The color scale showing gradation of yellow to blue represents 
10-ms isochrones. Numbers refer to actual local activation 
times referenced to the onset of the operator-selected comput- 
er time window. Earliest activation during VT was recorded at 
the left ventricular endocardium of the posterior interventricu- 
lar septum (slice 2). Transmural ventricular activation in slices 
1, 2 and 3 are depicted in more detail in Figure 5. 
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displayed. A mean of 172 + 50 ventricular sites was 
mapped in each patient. For each patient, at each elec- 
trode site, electrogram duration, local activation time 
and morphology were compared during the 6 consecu- 
tive cycles analyzed. A total of 9,816 electrograms were 
analyzed. 

Figure 1 shows representative ventricular electro- 
grams recorded during a single cycle of sustained mono- 
morphic VT. For each electrogram, computer cursors 
were used to mark electrogram onset, local activation 
and electrogram offset. The local activation time was 
defined using a peak criterion.>© Electrogram onset was 
defined as the first major deflection to leave the base- 
line. Electrogram offset was defined as the point at 
which the last deflection returned to baseline. Electro- 
gram duration was measured from electrogram onset to 
electrogram offset. Local activation was measured in 
reference to both the earliest ventricular electrogram re- 
corded as well as to the onset of the surface QRS. Local 
conduction failure was defined as total or partial elec- 
trogram dropout occurring during any of the 6 consecu- 
tive cycles analyzed. All data were reviewed by 2 inde- 
pendent observers. For each patient, 3-dimensional 
isochronic maps of ventricular activation were con- 
structed during 2 consecutive cycles of VT to facilitate 
detection of beat-to-beat variability in global ventricular 
activation. 

Statistical analysis: Categorical variables are report- 
ed as mean + standard deviation and were compared by 
chi-square analysis and linear regression analysis. Sig- 
nificance refers to a p value <0.05. 


RESULTS 

Results of analysis of epicardial, transmural and 
transseptal electrograms during 6 consecutive cycles of 
sustained monomorphic VT demonstrated that global 
ventricular activation was reproducible. Representative 
epicardial electrograms recorded during 2 of the 6 con- 
secutive cycles of VT analyzed from a patient are shown 
in Figure 2 and demonstrate the periodicity of electro- 
gram onset, offset, peak activation and morphology. 
Figure 3 shows the reproducibility of electrogram char- 
acteristics of transmural electrograms recorded from 2 
plunge needles during 3 of the 6 consecutive beats of 
VT analyzed. 

Three-dimensional, isochronic maps of global ven- 
tricular activation during 2 of the 6 consecutive cycles 
of VT analyzed from a patient with a remote inferior 
myocardial infarction are shown in Figure 4. The ven- 
tricles are represented by 5 short-axis slices from base to 
the apex. Earliest activation during VT was recorded at 
the left ventricular endocardium of the posterior inter- 
ventricular septum. The first, second and third ventricu- 
lar slices are shown in more detail in Figure 5. Impor- 
tantly, the patterns of ventricular activation during con- 
secutive beats were concordant. 

The overall variability in the durations of the 9,816 
epicardial and transmural electrograms analyzed during 
6 consecutive cycles of VT from the 10 patients is sum- 
marized in Figure 6. The majority of values for electro- 
gram duration measured over 6 consecutive beats were 
identical or varied by only 1 or 2 ms. The durations of 


only 7% of the electrograms varied by >3 ms. There 
was no significant difference when the variability in du- 
rations of epicardial electrograms was compared to that 
of transmural electrograms. 

Figure 7 summarizes the mean variations in local 
activation times of the 9,816 epicardial and transmural 
electrograms analyzed during the 6 consecutive cycles 
of VT from the 10 patients studied. Local epicardial 
and transmural ventricular activation times were highly 
concordant with the mean local activation time varying 
by <2 ms. There was no significant difference when the 
variability in local epicardial activation times was com- 
pared with that of transmural electrograms. 

Table II summarizes the mean values of electrogram 
duration, as well as variability in electrogram duration 
and activation for all the electrograms analyzed. The 
mean duration of epicardial electrograms was signifi- 
cantly longer than that of transmural electrograms. 
This finding is likely a result of the differences in intra- 
electrode distance between the epicardial button (1.5 
mm) and plunge needle (0.5 mm) electrodes. Variabili- 
ty in beat-to-beat values for electrogram duration and 
local activation time was not significant. Importantly, 
these electrogram characteristics were reproducible re- 
gardless of epicardial or transmural location, inherent 
electrogram duration or proximity to the site of VT ori- 
gin. Only 2 instances of 2:1 local intramural conduction 
failure during VT were observed in a single patient. 
Both occurred adjacent to the site of VT origin. 


DISCUSSION 

Map-guided surgical procedures for sustained mono- 
morphic VT are now performed routinely.’* Most ap- 
proaches rely on hand-held electrodes for recording 
electrograms from preselected epicardial and endocardi- 


FIGURE 5. Three-dimensional, isochronic 
maps at the level of slices 1, 2 and 3 of 
the 2 consecutive beats of ventricular 
tachycardia (VT) shown in Figure 4. The 
format and color scheme are the same as 
in Figure 4. The site of earliest recorded 
activity and the sequence of transmural 
ventricular activation during VT are 
reproducible on a beat-to-beat basis. 


TABLE Il Summary of Electrogram Characteristics 





Duration Activation 

Duration Variability Variability 

Epicardial 33+ 16 2.1418 17417 

Transmural 23419 1441.9 2.044+1.9 
p value <0.05 NS NS 


All in ms. 
NS = difference not significant. 


al sites sequentially over many cycles of VT. This ap- 
proach requires long intervals of VT or multiple induc- 
tions of morphologically identical VTs to generate acti- 
vation maps used for clinical decision-making.’ The 
practical advantages of computerized mapping systems 
that enable multiple transmural and transseptal ventric- 
ular electrograms to be recorded and analyzed during a 
single beat have been stressed previously.*’'° Para- 
mount to this approach is beat-to-beat reproducibility of 
global ventricular activation during VT. Moreover, the 
development of novel electrode arrays’! and the recent 
availability of commercial systems for intraoperative 
computer mapping are likely to increase the dependence 
of the success of surgery on analysis of activation maps 
generated during a single beat of VT. 

Accurate assessment of the periodicity of ventricular 
activation during VT requires that multiple electro- 
grams from the same site be recorded simultaneously 
during several cardiac cycles. Only a limited number of 
studies have addressed the reproducibility of ventricular 
activation during intraoperative mapping. Abendroth et 
al!2 observed a mean difference of 6 to 8 ms in activa- 
tion times measured from up to 75 epicardial sites dur- 
ing atrial pacing or sinus rhythm in patients undergoing 
cardiac surgery. However, differences in activation 





THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1990 865 





J] 
| 
i 
oe 
Si 


MM EPICARDIAL 
TRANSMURAL 


FIGURE 6. Mean variations (in ms) of the 
duration of all epicardial (solid bars) and 
transmural (hatched bars) electrograms 
analyzed during 6 consecutive cycles of 
ventricular tachycardia from the 10 
patients studied. 
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times measured at individual sites varied up to 40 ms. 
Epicardial and endocardial maps generated during VT 
often represent an average of up to 5 consecutive activa- 
tion times obtained at each mapping site.!3 Variations 
in activation times at each site have not been specified. 
Moreover, reliance on hand-held electrodes to record 
ventricular electrograms from multiple sites sequentially 
are subject to some unavoidable limitations due to elec- 
trode movement, changes in electrode pressure, ventric- 
ulotomy and cardiac manipulation during mapping. 

In this study, 3-dimensional isochronic maps of glob- 
al ventricular activation were constructed from analysis 
of up to 96 epicardial and up to 156 transmural and 
transseptal ventricular electrograms recorded simulta- 
neously during each of 6 consecutive cycles of sustained 
monomorphic VT. Recordings were obtained at normo- 
thermia with the heart resting in the pericardium and 
with the ventricles intact. The epicardial sock and 
plunge needles assured stability of electrode positions. 
In each patient, at each electrode site, local activation 
time, electrogram duration and morphology were com- 
pared over 6 consecutive cycles. For each patient, the 
isochronic activation map during VT was reproducible 
with a mean beat-to-beat variation in local activation 
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FIGURE 7. Mean variations (in ms) in 
local epicardial (solid bars) and 
transmural (hatched bars) activation 
times during 6 consecutive cycles of 
ventricular tachycardia from the 10 
patients studied. 


times of only 1.8 + 1.9 ms. Moreover, electrogram du- 
ration did not vary significantly (1.6 + 3.4 ms). Close 
bipolar electrodes (0.5 mm) facilitated the recording of 
discrete electrograms and obviated some difficulties that 
may be encountered with analysis of electrograms re- 
corded using hand-guided electrodes having a wider bi- 
pole.'* These results are based on analysis of global ven- 
tricular activation during sustained monomorphic VT, 
Further studies are required to determine the variability 
in electrogram characteristics at the same electrode site 
during repeated inductions of the same VT morphology, 
and to compare the reliability of single-beat analysis 
during nonsustained VT with that during sustained VT. 

Results of this study demonstrate the beat-to-beat 
reproducibility of epicardial, transmural, and transsep- 
tal ventricular activations during sustained monomor- 
phic VT. These findings indicate that analysis of a sin- 
gle beat during VT is a reliable and expedient approach 
to delineate ventricular activation during intraoperative 
mapping for the purpose of clinical decision-making in 
patients with sustained monomorphic VT. 
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Use of Intravenous Adenosine in Sinus Rhythm 
as a Diagnostic Test for Latent Preexcitation 


Clifford J. Garratt, MB, Anna Antoniou, MD, Michael J. Griffith, MB, David E. Ward, MD, 
and A. John Camm, MD 


In a proportion of patients with left free wall acces- 


sory connections, preexcitation is apparent only 
during atrial arrhythmias or atrial pacing (latent 
preexcitation). These patients may be at risk of a 
rapid ventricular response to atrial fibrillation de- 
spite the absence of preexcitation in sinus rhythm. 
The ability of intravenous adenosine to unmask 
latent preexcitation was evaluated in 22 patients 
with a history of documented supraventricular 
tachycardia and a normal electrocardiogram during 
sinus rhythm. Preexcitation was unmasked in re- 
sponse to adenosine in 4 patients: all 4 were shown 
to have latent preexcitation at electrophysiologic 
study. In 12 patients atrioventricular (AV) nodal 
conduction delay or block was induced without 
preexcitation after adenosine (first-degree AV 
block in 8, second-degree block in 4): at subse- 
quent electrophysiologic study none of these pa- 
tients was found to have latent preexcitation. Five 
patients had little or no PR prolongation in re- 
sponse to adenosine: of these, 2 were shown to 
have latent preexcitation at electrophysiologic 
study. Atrial fibrillation was induced in 1 patient 
and a narrow complex regular tachycardia in an- 
other after intravenous adenosine. Intravenous 
adenosine during sinus rhythm is capable of pro- 
ducing AV nodal conduction delay or block in 73% 
of patients with a history of supraventricular tachy- 
cardia: in these patients adenosine provides a diag- 
nostic test that is both 100% sensitive and 100% 
specific for latent preexcitation. In those patients in 
whom adenosine does not produce AV conduction 
delay or block, further investigation is required to 
establish or refute the diagnosis of latent 
preexcitation. 

(Am J Cardiol 1990;65:868-873) 
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atrioventricular (AV) connections is most com- 

monly due to a long anterograde refractory pe- 
riod or unidirectional conduction block of the accessory 
connection. If conduction block is permanent or the an- 
terograde refractory period is consistently longer than 
the sinus cycle length, then ventricular preexcitation is 
not possible and the connection is said to be con- 
cealed.'-> Alternatively, the anterograde refractory peri- 
od may be exceeded by the sinus cycle length under 
some circumstances or conduction block in the accesso- 
ry connection may be variable and these patients will 
have intermittent preexcitation during sinus rhythm.*> 
In either circumstance these patients are considered un- 
likely to be at risk for sudden death in the event of atrial 
fibrillation.° 

There is another group of patients in whom preexci- 
tation does not occur at any time during sinus rhythm, 
but may become apparent during atrial arrhythmias or 
atrial pacing.®* In these patients preexcitation is not 
evident in sinus rhythm because the conduction time 
from the sinus node to the ventricles over the normal 
AV nodal route is shorter than that over the accessory 
connection.*’ Such patients are not exempt from very 
rapid ventricular rates or even ventricular fibrillation!® 
should atrial fibrillation occur. Some investigators have 
used the term latent preexcitation!!:!2 to describe this 
situation. 

In the current study we determined the ability of 
intravenous adenosine, a powerful AV nodal-blocking 
agent with a very short half-life! to unmask latent 
preexcitation in patients with a documented history of 
supraventricular tachycardia and a normal electrocar- 
diogram in sinus rhythm. 


A bsence of preexcitation in patients with accessory 


METHODS 

Patient selection: A consecutive series of patients re- 
ferred for electrophysiologic assessment of documented 
supraventricular tachycardia was considered for the 
study. Patients were excluded if a current or previous 
electrocardiogram showed preexcitation during sinus 
rhythm. Twenty patients were selected by this means. 
Two additional patients who had been shown to have 
latent preexcitation previously were also admitted to the 
study. All drugs were stopped for at least 48 hours be- 
fore admission (except amiodarone, which had been 
stopped for at least 3 months). Informed consent for the 
study was obtained for all patients. 

Administration of adenosine: Adenosine was admin- 
istered via a forearm vein as a rapid (within 1 second) 
bolus dose during sinus rhythm, starting at 0.05 mg/kg. 


E 


Thereafter, incremental doses were given (increasing by 
0.05 mg/kg up to 0.25 mg/kg) at 1-minute intervals 
unless preexcitation appeared, AV block occurred or 
dosage was limited by symptoms. Adenosine was given 
in a prospective manner (before electrophysiologic test- 
ing) in 20 patients: in the 2 additional patients with la- 
tent preexcitation the diagnosis was known before ad- 
ministration of adenosine. 

Electrophysiologic testing: Diagnostic electrophysio- 
logic studies were performed with the patients in the 
fasting, nonsedated state. Multielectrode catheters were 
positioned in the high right atrium, the coronary sinus, 
the right ventricular apex and across the AV valve so as 
to record the His bundle potential. Tachycardia mecha- 
nisms were determined on the basis of local electrocar- 
diogram activation patterns and responses to stimula- 
tion according to standard criteria.'4 Atrial pacing was 





FIGURE 1. Unmasking of latent preexcita- 
tion after intravenous adenosine in patient 
1. 


FIGURE 2. Unmasking of latent preexcita- 
tion after intravenous adenosine in patient 
2. 


FIGURE 3. Other effects of intravenous 


to the atria (arrow) and initiation of 

j tachycardia. B, second-degree 
AV block. C, initiation of nonpreexcited 
atrial fibrillation. 
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performed from both the high right atrium and the cor- 
onary sinus. Induction of atrial fibrillation was attempt- 
ed in all patients if it did not occur spontaneously dur- 
ing the study. 

Valsalva maneuver: The Valsalva maneuver was 
performed subsequent to electrophysiologic testing only 
in those patients who were shown to have latent preexci- 
tation. While supine the patient blew into an anaeroid 
barometer to maintain a pressure of approximately 35 
mm Hg for 15 seconds.!° 

Definitions: A concealed accessory connection is one 
that is capable of retrograde conduction only. Patients 
with intermittent preexcitation display preexcited com- 
plexes intermittently during sinus rhythm, loss of pre- 
excitation being associated with an increase in PR inter- 
val. Latent preexcitation is defined as ventricular preex- 
citation that is absent during sinus rhythm but evident 
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salva maneuver. 


during atrial pacing, atrial extrastimuli or atrial ar- 
rhythmias. 


RESULTS 

Response to adenosine: Preexcited complexes were 
revealed after adenosine in 4 patients (Figures 1 and 2). 
Preexcitation became apparent at a mean time of 14 
seconds after administration of adenosine and remained 
for 6 to 10 seconds in each case. In none of these 4 
patients was the appearance of preexcited complexes as- 
sociated with a prolongation of the PR (or P delta) in- 
terval of >40 ms. The morphology of preexcited com- 
plexes'® was suggestive of a left lateral freewall connec- 
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Effects of Adenosine 


Location SR (ms) (ms) Dose 


APERP = accessory pathway anterograde effective refractory period; LL = left lateral; LPFW = left posterior free wall; Min RR = minimum RR interval during induced atrial 
fibrillation; PS = posteroseptal; SCL(a) = sinus cycle length before adenosine or VSM; SCL(b) = maximum sinus cycle length after adenosine or VSM; SR = sinus rhythm; VSM = Val- 
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tion in 2 patients, a left posterior freewall connection in 
l and a posteroseptal connection in the remaining pa- 
tient. The latter patient had previously undergone at- 
tempted surgical ablation of an accessory connection lo- 
cated in the posteroseptal position. Postoperatively, 
preexcitation was absent (it had been present preopera- 
tively) but the patient suffered a spontaneous episode of 
junctional tachycardia while still in-hospital. 

Eight patients developed first-degree AV block (PR 
interval >220 ms) without preexcitation with the final 
dose of adenosine. In 1 of these patients PR prolonga- 
tion was associated with retrograde activation of the 
atrium and initiation of narrow-complex tachycardia 
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FIGURE 4. Unmasking of latent preexcita- 
tion by an atrial extrastimulus in patient 2. 
The morphology of preexcited complexes 

is the same as that occurring after adeno- 
sine. DCS = distal coronary sinus electro- 

gram; HB = His bundle electrogram; HRA 
= high right atrial electrogram; = 
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FIGURE 5. Atrial fibrillation induced at 
electrophysiologic study in patient 1. The 
minimum RR interval during atrial fibrilla- 
tion is 210 ms. HRA = high right atrial 
electrocardiogram. 
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AF = atrial fibrillation: AVNRT = atrioventricular nodal reentrant tachycardia; AVRT = atrioventricular reentrant tachycardia; IAT = intraatrial tachycardia; NA = not applicable; 
PR(a) = PR interval before adenosine; PR(b) = maximum PR interval following adenosine; 2/1 = second-degree AV block; other abbreviations as in Table I. 


(Figure 3A). Four patients developed transient second- 
degree AV block without evidence of preexcitation (Fig- 
ure 3B) and 1 patient developed nonpreexcited atrial 
fibrillation (Figure 3C). This latter effect was reproduc- 
ible; the arrhythmia lasted 10 to 15 seconds before 
spontaneously reverting to sinus rhythm on 3 separate 
occasions. Five patients had little or no PR prolongation 
after adenosine. There was no difference in the degree 
of sinus node slowing between those patients in whom 
AV nodal conduction delay or block occurred and those 
in whom it was unaffected: the mean ratio of maximum 
sinus cycle length after adenosine to baseline sinus cycle 
length was 1.24 + 0.167 in those patients in whom AV 
block occurred and 1.15 + 0.058 in those in whom it did 
not (difference not significant). The mean final dose of 
adenosine was 0.17 mg/kg (range 0.10 to 0.25). The 
majority of patients experienced the usual side effects of 
adenosine: transient dyspnea and facial flushing were 
the most common. The use of adenosine in an incremen- 
tal manner allowed an objective assessment of the sever- 
ity of side effects: no patient reported severe adverse 
effects and the final dosage was limited by symptoms in 
only 1 patient. 


FIGURE 6. The appearance of preexcited 
complexes in the release phase of the Val- 
salva maneuver in patient 2. Appearance 
of preexcitation is associated with an in- 
crease in heart rate and the presence of 
retrograde P waves (arrow), indicating the 
existence of an automatic rhythm with an 
origin in the accessory connection. 





Electrophysiologic testing: Six patients were found 
to have latent preexcitation at electrophysiologic testing. 
Preexcitation was revealed by atrial pacing, atrial extra- 
stimuli (Figure 4) or induction of atrial fibrillation (Fig- 
ure 5). Five of the 6 patients had accessory connections 
located in the left free wall and 3 of these had short AH 
intervals during sinus rhythm (Table I). These 5 pa- 
tients all had accessory connection anterograde refrac- 
tory periods <270 ms, minimum RR intervals <250 ms 
during induced, preexcited atrial fibrillation, or both. In 
the sixth patient (with a spontaneous junctional tachy- 
cardia after attempted surgical ablation of an accessory 
connection) repeat electrophysiologic testing confirmed 
a posteroseptal site of the accessory connection. This pa- 
tient had a nonpreexcited response to induced atrial fi- 
brillation, with a minimum RR interval of 310 ms. In 
the 4 patients in whom preexcitation appeared after 
adenosine the morphology of preexcitation was the 
same as that revealed at electrophysiologic study. 

The single patient with narrow complex tachycardia 
initiated by intravenous adenosine had evidence of a 
concealed accessory connection with decremental prop- 
erties. The diagnosis in the remaining 15 patients was as 
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follows (Table II): AV reentrant tachycardia using a 
concealed accessory connection in 7, AV nodal reen- 
trant tachycardia in 6 and intraatrial tachycardia in 2. 

Analysis of the AV nodal conduction properties of 
those patients with little or no PR prolongation in re- 
sponse to adenosine (patients 5, 6, 13, 14 and 20) re- 
vealed that 3 had short AH intervals during sinus 
rhythm and 2 (patients 13 and 20) fulfilled the criteria 
for enhanced AV nodal conduction.!’ Baseline AH in- 
tervals were longer in patients showing conduction delay 
or block in response to adenosine than in those in whom 
AV conduction was unaffected (69 + 17 vs 53+ 8, p= 
0.054). 

Response to Valsalva maneuver: Only | patient de- 
veloped preexcited complexes in response to the Valsal- 
va maneuver (Figure 6). In this patient the appearance 
of preexcitation was due to the development of an auto- 
matic rhythm with an origin in the accessory connection 
rather than progressive conduction delay in the AV 
node. In none of the other 5 cases of latent preexcitation 
did PR prolongation occur during the maneuver. 


DISCUSSION 

Characteristics of latent preexcitation: Although in- 
dividual cases of latent preexcitation have been reported 
since the early 1970s6-10-12.18-22 there has been no pub- 
lished series and little information concerning the rela- 
tive importance of accessory connection properties in 
the lack of expression of preexcitation on the surface 
electrocardiogram in these patients. The current study 
confirms that left-sided location of accessory connec- 
tions and a short AH interval during sinus rhythm are 
the most important factors predisposing to latent pre- 
excitation. Although it is not possible to measure acces- 
sory connection conduction times in absolute terms, 
conduction delay in the accessory connection was an ob- 
vious contributory factor in a single patient only (secon- 
dary to a failed attempt at surgical ablation). In this 
patient conduction delay was associated with increased 
anterograde refractoriness in the accessory connection. 
Slow anterograde conduction via an accessory connec- 
tion is thought to occur in patients with long RP tachy- 
cardias*? although in these patients preexcitation is not 
revealed by atrial pacing or atrial fibrillation. The other 
5 patients in the present series all had accessory connec- 
tions capable of conducting atrial impulses at high fre- 
quency in an anterograde direction, providing further 
evidence that “damaged” accessory connections are an 
unusual cause of latent preexcitation. 

Effects of adenosine in sinus rhythm: DiMarco et 
al'? demonstrated depression of sinus node automaticity 
and production of transient AV nodal delay or block in 
all 15 patients to whom intravenous adenosine was ad- 
ministered. Adenosine had no effect on anterograde 
conduction over accessory connections in patients with 
overt preexcitation. We hypothesized that, when admin- 
istered to a patient with latent preexcitation, adenosine 
was likely to prolong conduction of a sinus beat within 
the AV node and allow expression of preexcitation on 
the surface electrocardiogram. Indeed, in those patients 
in whom AV nodal block or delay was induced (16 of 
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the 22), adenosine provided a means of diagnosis of la- 
tent preexcitation that was both 100% sensitive and 
100% specific. There have been reports of preexcitation 
remaining latent despite the presence of first-degree AV 
block'*: this did not occur in any of the present series of 
patients with latent preexcitation and is likely to be very 
unusual. It is clear, however, that if AV nodal conduc- 
tion remains unaffected by a particular dose of adeno- 
sine, then latent preexcitation will not be revealed. In 
the present series 5 patients had AV nodal conduction 
that was uninfluenced by adenosine and 2 of these had 
latent preexcitation revealed by atrial pacing. It is of 
interest that 3 of these 5 patients had short AH inter- 
vals during sinus rhythm and 2 fulfilled the criteria for 
enhanced AV nodal conduction!’: it may be that higher 
doses of adenosine are required to produce AV block 
when enhanced AV nodal conduction is present. In the 
present study the dose of adenosine was limited to 0.25 
mg/kg. In general adenosine is very well tolerated at 
doses up to this level and dosage was limited by symp- 
toms in 1 patient only (patient 14). 

Adenosine had an arrhythmogenic effect in 2 pa- 
tients. Nonsustained atrial fibrillation was repeatedly 
induced in 1 patient subsequently shown to have intra- 
atrial tachycardia. Sustained atrial fibrillation has been 
reported after both adenosine triphosphate?+ and adeno- 
sine.’ Induction of atrial fibrillation is probably related 
to the shortening of action potential duration of atrial 
myocytes that occurs with these agents.”° In the second 
patient, administration of adenosine was followed by 
conduction delay in the AV node and retrograde con- 
duction to the atria, with subsequent initiation of tachy- 
cardia. 

Comparison with Valsalva maneuver: Przybylski et 
al* reported the unmasking of ventricular preexcitation 
by vagal stimulation in 9 patients with a normal base- 
line electrocardiogram at the time of study and a previ- 
ous history of preexcitation during sinus rhythm. These 
patients can be considered as having intermittent preex- 
citation, although as the investigators state, differentia- 
tion from concealed accessory connections is a matter of 
semantic argument rather than a distinction of any clin- 
ical significance. That a critical cycle length could be 
determined at which anterograde conduction was re- 
vealed (920 to 1,420 ms) suggests that vagal stimulation 
acted by prolonging cycle length beyond the accessory 
connection refractory period rather than having any ef- 
fect on AV nodal conduction. Indeed, in general the in- 
crease in sinus cycle length induced by vagal maneuvers 
negates the effect of the maneuver on the AV node, 
with little or no change in the AH interval occurring as 
a result.’’ It is not surprising, therefore, that vagotonic 
maneuvers are usually unhelpful in terms of unmasking 
latent preexcitation. The occurrence of an automatic 
rhythm with an origin in accessory AV connections has 
been reported previously during vagal stimulation2® but 
is likely to be an unusual event... 

Clinical implications: The fact that patients with la- 
tent preexcitation may be at risk for ventricular fibrilla- 
tion underlines the importance of distinguishing them 
from others with paroxysmal supraventricular tachycar- 





dia and a normal electrocardiogram in sinus rhythm. 
The prevalence of latent preexcitation is unknown. Of 
the 20 patients with paroxysmal supraventricular tachy- 
cardia studied prospectively (i.e., excluding the 2 stud- 
ied retrospectively) in the present series, 3 (15%) had 
naturally occurring (as opposed to surgically induced) 
latent preexcitation. The fact that there has been no 
previously reported series of these patients suggests that 
the true prevalence in the general population of patients 
with supraventricular tachycardia is likely to be low. As 
a consequence it may be considered unreasonable to 
submit all patients with supraventricular tachycardia to 
transesophageal or intracardiac pacing studies to define 
the risk of a rapid preexcited ventricular response to in- 
duced atrial fibrillation. The use of intravenous adeno- 
sine in sinus rhythm provides a simple and effective 
method of establishing or excluding the diagnosis in the 
majority of these patients. Further investigation de- 
signed specifically to exclude latent preexcitation is only 
warranted in those patients in whom there is little or 
no PR prolongation in response to adenosine. Invasive 
intracardiac investigation may, of course, be required 
for reasons other than risk assessment, such as assess- 
ment of pharmacologic therapy or identification of con- 
cealed accessory connections before nonpharmacologic 
therapy. 
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SYSTEMIC HYPERTENSION 


Diversity of Patterns of Hypertrophy in Patients 
with Systemic Hypertension and Marked Left 
Ventricular Wall Thickening 


Jannet F. Lewis, MD, and Barry J. Maron, MD 





In selected patients with systemic hypertension it 
may be difficult to ascertain whether left ventricu- 
lar (LV) hypertrophy is a secondary end-organ con- 
sequence of long-term elevations in blood pressure 
or, alternatively, a manifestation of a coexistent 
primary hypertrophic cardiomyopathy. To address 
this issue and better characterize LV hypertrophy 
in systemic hypertension, 2-dimensional echocardi- 
ography was used to define the patterns of LV hy- 
pertrophy in 102 patients with sustained systemic 
hypertension and marked degrees of wall thicken- 
ing. Patients ranged in age from 31 to 88 years 
(mean 61) and were predominantly female (58%); 
all were black. 

By selection, each patient had a maximal LV 
wall thickness of >15 mm (range 16 to 29). Distri- 
bution of hypertrophy was judged to be symmetric 
(i.e., concentric) in most patients (67 of 102, 66%). 
However, a substantial proportion (35 patients, 
34%) demonstrated nonuniform, asymmetric pat- 
terns of hypertrophy in which at least 1 segment of 
the LV wall was at least 1.5 times the thickness of 
any other. In these 35 patients, the distribution of 
hypertrophy was similar to that characteristic of 
the morphologic spectrum of hypertrophic cardio- 
myopathy, with thickening of portions of both the 
ventricular septum and free wall in 16 patients, 
anterior and posterior ventricular septum alone in 
11 patients and segmental involvement of only the 
anterior ventricular septum in 8. Patients with 
asymmetric patterns of wall thickening did not dif- 
fer from the patients with symmetric hypertrophy 
with regard to age, sex or clinical findings. 

Asymmetric LV hypertrophy appears to repre- 
sent an important feature of the morphologic spec- 
trum of severe hypertensive heart disease. More- 
over, the diverse patterns of hypertrophy observed 
in hypertensive patients with marked LV wall thick- 
ening often cannot be distinguished definitively, on 
a morphologic basis alone, from those characteris- 
tic of hypertrophic cardiomyopathy. 

(Am J Cardiol 1990;65:874-881) 
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quent consequence of chronic systemic hyperten- 

sion. In most previous echocardiographic studies 
of such patients, the distribution of hypertrophy has 
been described as characteristically concentric or sym- 
metric, with all portions of the LV wall of the same or 
similar thickness.'~’ This pattern is distinct from asym- 
metric LV hypertrophy, which is characteristic of pa- 
tients with primary forms of hypertrophy such as hyper- 
trophic cardiomyopathy.*-!? Although previous echo- 
cardiographic reports have identified asymmetric ven- 
tricular septal hypertrophy in a minority of patients 
with systemic hypertension,'!>-!> these investigations 
have been confined largely to individuals with relatively 
mild increases in absolute ventricular wall thickness 
who were studied with only M-mode echocardiography 
(a technique that does not permit characterization of 
the overall distribution of hypertrophy). 

Identification of hypertensive patients with marked 
degrees of wall thickening and asymmetric distribution 
of hypertrophy often creates a diagnostic dilemma. Is a 
coexistent primary cardiomyopathy, hypertrophic car- 
diomyopathy, present? Or, alternately, is the ventricular 
hypertrophy a secondary consequence of severe, chronic 
elevations in systemic blood pressure? Hence, the pur- 
poses of the present investigation were to systematically 
describe the patterns of LV wall thickening (with 2-di- 
mensional echocardiography) in a relatively large popu- 
lation of patients with systemic hypertension and 
marked hypertrophy, and to assess the morphologic re- 
lation of this secondary form of LV hypertrophy to that 
of hypertrophic cardiomyopathy. 


l eft ventricular (LV) hypertrophy is a fre- 


METHODS 

Selection of patients: Records of the Echocardiogra- 
phy Laboratory at Howard University Hospital for 
1987 were reviewed. One hundred two patients were se- 
lected for the present study by virtue of meeting each of 
the following criteria: (1) age >20 years, (2) document- 
ed systemic hypertension (blood pressure >140/90 mm 
Hg for 21 year), (3) echocardiographic studies of ade- 
quate technical quality to permit assessment of the dis- 
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tribution of LV hypertrophy in 22 cross-sectional 
planes and (4) marked LV wall thickening (maximum 
thickness >15 mm on echocardiogram) in the absence 
of clinical, electrocardiographic or echocardiographic 
evidence of previous myocardial infarction, hemody- 
namically significant valvular heart disease or infiltra- 
tive myocardial disease. One patient was excluded be- 
cause of the presence of marked systolic anterior motion 
of the mitral valve. No patient had a family history of 
hypertrophic cardiomyopathy or premature sudden car- 
diac death. 

The study population consists of hypertensive pa- 
tients from the Washington, DC, inner city area who 
underwent echocardiographic examination because of 
cardiac symptoms or for the evaluation of structural 
and functional consequences of hypertensive heart dis- 
ease. Patients were not selectively referred or specifical- 
ly recruited for any particular study protocol; they rep- 
resent a group of hypertensive patients who were re- 
ferred for echocardiographic examination and then 
ultimately selected for this study on the basis of marked 
LV hypertrophy. 

The 102 study patients ranged in age from 31 to 88 
years (mean 61); 16 were <45 years and 27 were 270 
years. Fifty-nine patients (58%) were female and 43 


FIGURE 1. Symmetric (concentric) distri- 
bution of marked left ventricular (LV) wall 
thickening. Stop-frame 2-dimensional 
echocardiograms obtained in diastole from 
3 hypertensive patients; schematic illus- 
trations are shown to the right. A, short- 
axis plane at the level of the mitral valve; 
all segments of the LV wall are of similar 
thickness (i.e., 16 to 17 mm). B, paraster- 
nal long-axis plane; thickness of the ven- 
tricular septum (VS) (18 mm) and posteri- 
or free wall (PW) (16 mm) are similar. 

C, apical 4-chamber view; VS and lateral 
free wall (LFW) are both markedly hyper- 
trophied, and to a similar degree. ALFW = 
anterolateral free wall; AML = anterior 
mitral leaflet; ANT VS = anterior ventricu- 
lar septum; LA = left atrium; PML = pos- 
terior mitral leaflet; POST VS = posterior 
ventricular septum; RA = right atrium; RV 
= right ventricle. Calibration dots are 10 
mm apart. 
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(42%) were male; all were black. Because of the retro- 
spective nature of this study and the prolonged periods 
during which systemic hypertension may be unrecog- 
nized clinically, we could not always reliably ascertain 
the precise duration of hypertension in these patients. 
Based on the available clinical data, 100 of the 102 
study patients were considered to have essential hyper- 
tension; the remaining 2 had systemic hypertension sec- 
ondary to primary renal disease. Fifteen study patients 
(including the 2 with primary renal disease) had end- 
stage renal failure and were undergoing chronic hemo- 
dialysis at time of echocardiographic study. 

Two-dimensional echocardiography: Studies were 
performed using a Hewlett-Packard (model 77020AC) 
ultrasound scanner with a 2.5-MHz transducer. Two- 
dimensional images were obtained in multiple cross-sec- 
tional planes using standard transducer positions.'® Im- 
ages were recorded on ⁄2-inch videotape to facilitate 
real-time, slow-motion and freeze-frame analysis. 

To evaluate the distribution of LV hypertrophy, the 
left ventricle was divided into 4 segments in the para- 
sternal short-axis plane: anterior and posterior ventricu- 
lar septum and anterolateral and posterior LV free wall. 
Wall thickness of these 4 LV segments was determined 
at end-diastole (maximum cavity dimension), at both 
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TABLE I Comparison of Hypertensive Patients with 
Symmetric or Asymmetric Patterns of Left Ventricular 
Hypertrophy 


Symmetric LVH Asymmetric LVH 
(n = 67) (n = 35) p Value 


Age (yrs) 60+ 13 63+15 
Sex: M/F 24/33 16/17 
Systolic BP (mmHg) 208451 193 + 29 
Diastolic BP (mmHg) 116+ 24 112+ 25 
VS thickness (mm) 19+3 19+2 
PW thickness (mm) 17+2 15+2 
LV transverse diastolic 48 + 8 4947 
dimension (mm) 
LV fractional 36 48 34 410 
shortening (%) 
All values are mean + standard deviation. 
BP = blood pressure (maximum recorded); LV = left ventricular; H = hypertrophy; 


NS = (statistically) nonsignificant; PW = posterior left ventricular free wall; VS = 
ventricular septal. 





the mitral valve and papillary muscle levels, directly 
from the television monitor with the aid of calipers us- 
ing the calibration scale produced by the instrument, as 
previously described.* Particular care was taken to 
avoid over- or underestimation of wall thickness of seg- 
ments visualized in the lateral portions of the beam (i.e., 
anterolateral free wall and posterior septum) by mea- 
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suring the walls in real-time, slow-motion and freeze- 
frame modes. Although the distribution of hypertrophy 
was assessed primarily from parasternal short-axis 
planes, parasternal long-axis, and apical 2- and 4-cham- 
ber views were also used to integrate and confirm the 
findings obtained from the short-axis planes. Anterior 
ventricular septal and posterior free wall thicknesses 
were derived from an integrated analysis of 2-dimen- 
sional and M-mode echocardiograms. The thicknesses 
of the anterior ventricular septum and posterior wall 
were measured on M-mode echocardiogram and veri- 
fied on the 2-dimensional image. Maximum wall thick- 
ness within each ventricular segment was considered to 
be the thickness measurement for that region of the 
ventricle. 

In an effort to descriptively categorize the distribu- 
tion of LV hypertrophy, we arbitrarily chose a wall 
thickness ratio of 1.5, which has been previously used to 
define asymmetric and symmetric patterns of hypertro- 
phy.!°.!’ Distribution of hypertrophy was defined as 
symmetric (concentric) if each LV segment was <1.5 
times the thickness of all other individual segments, or 
asymmetric if the thickness of any single segment was 
at least 1.5 times greater than the thickness of any other 
segment. 


FIGURE 2. Marked hypertrophy and 
asymmetric patterns of wall thickening. A, 
marked hypertrophy of the anterior and 
posterior segments of ventricular septum 
(22 mm); anterolateral free wall is also 
substantially thickened, but posterior free 
wall is of nearly normal thickness. B, 
hypertrophy of anterior ventricular septum 
and contiguous anterolateral free wall. 
Posterior ventricular septum and posterior 
free wall (PW) are also thickened, but to 
lesser degree. C, hypertrophy of all left 
ventricular segments, but the anterior ven- 
tricular septal thickness exceeds that of 
posterior septum. Calibration dots are 10 
mm apart; abbreviations as in Figure 1. 


M-mode echocardiography: M-mode echocardio- 
grams were derived from 2-dimensional images using a 
2.5-MHz transducer and recorded with a stripchart re- 
corder at 50 mm/s. Cardiac dimensions were measured 
according to the recommendations of the American So- 
ciety of Echocardiography.'* LV mass was calculated 
from end-diastolic wall thickness and cavity dimension 
using the formula of Devereux et al,'? which corrects 
for echocardiographic data obtained according to rec- 
ommendations of the American Society of Echocardiog- 
raphy. LV mass index was calculated by dividing LV 
mass by body surface area (g/m7). 

Statistical methods: Data are expressed as mean + 
standard deviation. Differences between group means 
were assessed using Student’s unpaired f¢ test; differ- 
ences in symptoms between patients with symmetric hy- 
pertrophy and those with asymmetric hypertrophy were 
assessed using chi-square analysis. 

Distribution and extent of left ventricular hypertro- 
phy: By virtue of selection, all patients showed a 
marked increase in LV wall thickness (Figures 1 
through 5). Maximal wall thickness ranged from 16 to 
29 mm (mean 19 + 2) and was 220 mm in 36 (35%) 


FIGURE 3. Asymmetric patterns of 
marked left ventricular hypertrophy. Ante- 
rior and posterior ventricular septum and 
posterior free wall are markedly thick- 
ened, while the anterolateral free wall is 
normal or only mildly increased in thick- 
ness. Note, however, that the absolute 
magnitude of LV wall thickness differs 
substantially among the 3 patients with 
septal thickness, greatest in A and least in 
C. Calibration dots are 10 mm apart; 
abbreviations as in Figure 1. 
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patients. In 67 (66%) of the 102 patients with marked 
LV hypertrophy, the pattern of LV wall thickening was 
considered to be symmetric (Figure 1; Table I). In the 
other 35 patients (34%), the distribution of hypertrophy 
was judged to be nonuniform and asymmetric (Figures 
2 through 5; Table I). 

In the 35 patients demonstrating asymmetric hyper- 
trophy, a variety of patterns of LV wall thickening were 
observed. Most commonly (in 16 of the 35), patients 
had marked wall thickening which involved substantial 
portions of both the ventricular septum and the LV free 
wall (Figures 2 and 3). Six of these 16 patients showed 
prominent hypertrophy of the anterior and posterior 
segments of the ventricular septum as well as the ante- 
rolateral free wall, while the posterior free wall was only 
mildly increased in thickness (Figure 2A and B). In 7 of 
these 16 patients, the posterior free wall thickening was 
similar in magnitude to that of the anterior and posteri- 
or ventricular septum, but the anterolateral free wall 
appeared virtually normal or only mildly increased in 
thickness (Figure 3); this sparing of the anterolateral 
wall was visualized in real-time, slow-motion and stop- 
frame modes and did not appear to result from loss of 





THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1990 877 








TABLE II Echocardiographic Findings in Hypertensive 
Patients With or Without End-Stage Renal Disease 


With ESRD 
(n = 15) 


Without ESRD 


(n = 87) p Value 


19+2 
17+2 


19+2 
16+2 
49+4 48+8 
3845 3549 
422 +85 3924136 
250 +40 208 +66 


All values are mean + standard deviation. 
ESRD = end-stage renal disease; other abbreviations as in Table |. 


VS thickness (mm) 

PW thickness (mm) 

LV end-diastolic dimension (mm) 
LV fractional shortening (%) 

LV mass (g) 

LV mass index (g/m?) 


image resolution in the lateral portion of the ultrasound 
beam. In 3 of the 16 patients, the anterior ventricular 
septum as well as the anterolateral and posterior free 
wall were markedly thickened, but the posterior ventric- 
ular septum showed substantially less thickening (Fig- 
ure 2C). 

In 11 of the 35 patients with asymmetric patterns of 
LV hypertrophy, marked wall thickening was limited to 
the anterior and posterior segments of the ventricular 
septum while the anterolateral and posterior free wall 
segments were only mildly increased in thickness (Fig- 
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ure 4). In 2 of these 11 patients, thickness of the posteri- 
or ventricular septum exceeded that of the anterior sep- 
tum (Figure 4C). 

In 8 of the 35 patients with asymmetric hypertrophy, 
wall thickening was localized to the anterior ventricular 
septum, while all other segments of the ventricular wall 
were virtually normal (Figure 5); in 3 of these 8 patients 
with segmental hypertrophy, wall thickening was partic- 
ularly discrete and confined to the most basal portion of 
ventricular septum just below the aortic valve (Figure 
5B, C and D). In the latter patients, the localized area 
of septal thickening could be seen in all standard cross- 
sectional planes and appeared as a prominent “bump” 
that bulged into the LV outflow tract when visualized in 
the parasternal long-axis or apical views (Figures 5B, C 
and D). 

In addition, of the 35 study patients with asymmet- 
ric LV hypertrophy, 17 showed substantially greater 
wall thickening in the proximal (basal) portion of the 
left ventricle than in the distal (apical) region; the re- 
maining 18 patients had wall thickening that was of 
similar magnitude in the proximal and distal portions of 
left ventricle. No patient showed hypertrophy located 
predominantly in the distal left ventricle or confined to 
the apex.’ 


FIGURE 4. Asymmetric hypertrophy in- 
volving primarily the ventricular septum. 
A, anterior and posterior ventricular sep- 
tum are substantially hypertrophied (about 
20 mm), but the anterolateral and posteri- 
or free wall are relatively spared. B, pat- 
tern of hypertrophy is similar to that in A, 
although septum is thicker; LV free wall is 
of virtually normal thickness. C, septal 
hypertrophy is most prominent in the pos- 
terior segment. Anterior portion of ven- 
tricular septum is not of homogenous 
thickness and shows greatest thickening 
in the area contiguous with the anterolat- 
eral free wall (at 1 o’clock); the central 
portion (at 12 o’clock), which is traversed 
by the M-mode beam (arrow), is thinner. 
Calibration dots are 10 mm apart; 
abbreviations as in Figure 1. 


Other cardiac dimensions: LV end-diastolic dimen- 
sion ranged from 29 to 70 mm (mean 48) and was ab- 
normally increased (>95% prediction interval for body 
surface area)?° in only 14 of 102 patients. LV mass 
ranged from 160 to 858 g (mean 397) and mass index 
from 89 to 457 g/m? (mean 215); in 97 patients, the 
calculated mass index exceeded suggested upper limits 
of normal in normal populations (134 g/m? for men; 
110 g/m? for women).*! This marked increase in LV 
mass was due largely to increased wall thickness rather 
than cavity enlargement. Percent LV fractional shorten- 
ing was 12 to 51% (mean 35) and 240% in 33 patients 
and <25% in 12 patients. 

Electrocardiography: An abnormal electrocardio- 
gram was present in 94 (92%) of the 102 patients. The 
most common abnormality was LV hypertrophy (Rom- 
hilt-Estes score =5 points), which was present in 46 
(45%) patients. Other frequent abnormalities included 
increased QRS voltages unassociated with other electro- 
cardiographic features of LV hypertrophy in 14 pa- 
tients, left atrial enlargement in 21 and nonspecific ST- 
segment and T-wave changes in 18. Most patients (94 
or 92%) were in normal sinus rhythm at the time of the 
echocardiography study, but 5 were in atrial fibrillation, 
and 3 had pacemakers. 

Clinical findings: By selection, each patient had been 
followed for documented systemic hypertension (blood 
pressure >140/90 mm Hg) for at least 1 year (range to 
30 years) and had been treated with a variety of antihy- 
pertensive medications. Maximal recorded systolic 
blood pressure ranged from 150 to 300 mm Hg (aver- 
age 200); diastolic pressures ranged from 70 to 210 mm 
Hg (average 115). 

Forty-eight patients reported congestive symptoms 
of exertional dyspnea, orthopnea or paroxysmal noctur- 
nal dyspnea; 25 patients had chest pain, which was con- 
sidered to be typical of angina pectoris in 7. Sixty-one 
patients were judged to have had major complications 
of systemic hypertension, including 40 with overt con- 
gestive heart failure, 20 with cerebrovascular accidents 
and 13 with end-stage renal disease requiring chronic 
hemodialysis. 

Comparison of patients with symmetric and asym- 
metric hypertrophy: Patients with symmetric and 
asymmetric patterns of LV hypertrophy did not differ 
with regard to age, sex distribution, blood pressure, na- 
ture or severity of symptoms, history of congestive heart 
failure or stroke, electrocardiographic pattern or medi- 
cations. In addition, patients with symmetric and asym- 
metric hypertrophy did not differ with respect to maxi- 
mal septal thickness, LV end-diastolic dimension and 
fractional shortening (Table I). Posterior free wall 
thickness was slightly greater in patients with symmet- 
‘ric hypertrophy (17 + 2 vs 15 + 2 mm; p <0.001). 

Comparison of patients with and without end-stage 
renal disease: To assess the potential influence of vol- 
ume overload on cardiac dimensions and distribution of 
hypertrophy, the 15 study patients with hemodialysis- 
dependent, end-stage renal failure were compared to the 
other 87 patients without renal failure (Table II). Sep- 
tal and posterior free wall thickness, LV end-diastolic 


dimension and mass were not different in patients with 
and without end-stage renal failure. Normalization of 
LV mass for body surface area resulted in a small, but 
statistically greater, mass index in patients with end- 
stage renal disease (250 vs 208 g/m; p <0.05). 


DISCUSSION 
A sizeable proportion of patients with longstanding 
systemic hypertension show LV hypertrophy associated 





FIGURE 5. Hypertrophy localized primarily to the anterior 
portion of ventricular septum. A, short-axis plane at mitral 
valve level. Note that only the anterior portion of septum is 
thick, while other regions of left ventricle appear to be of 
virtually normal thickness. B, parasternal long-axis view 
showing hypertrophy confined to the proximal portion of the 
ventricular septum just below aortic valve; distal septum is 
normal thickness creating the appearance of a prominent but 
localized basal septal bulge or “bump”; posterior free wall 
is only modestly increased in thickness. C, parasternal long- 
axis plane showing ventricular septal anatomy similar to that 
of the patient in B but with a much sharper transition in 
thickness between the proximal and distal septum (arrow). 
D, apical 4-chamber view from the same patient shown in B. 
Hypertrophy is confined to the area just below the aortic 
valve (AV) and does not involve the distal portion of the 
septum toward the apex. Calibration dots are 10 mm apart. 
Ao = aorta; other abbreviations as in Figure 1. 
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with nondilated ventricular cavities.!-5?3> When hyper- 


-tension is poorly controlled or particularly chronic, ab- 


solute increases in wall thicknesses may be substan- 
tial.!-4 In most such patients, LV hypertrophy is de- 
scribed as concentric or symmetric, but in some patients 
the distribution of hypertrophy has been reported to be 
asymmetric, usually based on an observed disproportion 
between the limited regions of the left ventricle that are 
visualized by M-mode echocardiography—i.e., the ante- 
rior ventricular septum and posterior free wall.!-3-13-15 

Hypertrophic cardiomyopathy is a primary and of- 
ten genetically transmitted cardiac disease character- 
ized by an asymmetric distribution of LV hypertrophy 
in the absence of cavity dilatation.*-!*4 Consequently, 
a diagnostic dilemma not infrequently arises in deter- 
mining whether markedly increased LV wall thickness 
identified in a patient with systemic hypertension is 
solely a reflection of the hypertension or, alternatively, 
whether it is a manifestation of coexisting primary hy- 
pertrophic cardiomyopathy. 

Data based on detailed 2-dimensional echocardio- 
graphic analysis of LV hypertrophy in a large group of 
hypertensive patients with wall thickening, similar in 
magnitude to that observed in hypertrophic cardiomy- 
opathy, have not previously been available. In the study 
of Wicker et al,* 15% of the hypertensive patients with 
LV hypertrophy were described as having asymmetric 
patterns of wall thickening. However, absolute wall 
thickness measurements were not reported, and there- 
fore the actual morphologic resemblance of these hearts 
to hypertrophic cardiomyopathy remains somewhat un- 
certain. Shapiro et alf reported asymmetric septal hy- 
pertrophy in almost 20% of hypertensive patients, but 
their study group apparently included a substantial 
number with relatively mild degrees of LV wall thicken- 
ing. 

The findings of the present study (which was inten- 
tionally confined to hypertensive patients with marked 
LV wall thickening) substantiate prior impressions that 
most patients with systemic hypertension and LV hy- 
pertrophy show a symmetric (or concentric) pattern of 
wall thickening.'~’*> However, in fully one-third of our 
patients, the distribution of LV hypertrophy was judged 
to be asymmetric—that is, all segments of the wall were 
not of similar or identical thickness. For example, of 
those 35 study patients with systemic hypertension and 
asymmetric LV hypertrophy, 16 showed a diffuse distri- 
bution of wall thickening involving substantial portions 
of both ventricular septum and free wall, although some 
regions of the ventricular wall were relatively spared 
from the hypertrophic process. However, the other 19 
patients had marked hypertrophy that was more local- 
ized and largely limited to 2 or even 1 region of the LV 
wall. Indeed, the diversity of these asymmetric patterns 
of LV hypertrophy, as well as the magnitude of wall 
thickening observed, was similar to that previously ob- 
served at our institution®:!*>:26 and elsewhere!!! in a 
large number of patients within the broad disease spec- 
trum of hypertrophic cardiomyopathy. Further, some of 
our hypertensive patients with asymmetric hypertrophy 
demonstrated the strikingly heterogenous pattern of 
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wall thickening frequently observed in patients with hy- 
pertrophic cardiomyopathy in which sharp, abrupt tran- 
sitions and marked differences in wall thickness were 
present in contiguous regions of the left ventricle. For 
example, a few of our study patients had particularly 
circumscribed hypertrophy confined to the anterior bas- 
al ventricular septum just under the aortic valve,4?7 
similar to that previously described in patients with hy- 
pertrophic cardiomyopathy as morphologic type I, 8-12-25 
as well as in some patients with coronary artery dis- 
ease? or aortic and mitral valvular disease.27:28 

Based on the morphologic data in this report, it 
would appear difficult to ascertain definitively whether 
a given patient with systemic hypertension has associ- 
ated hypertrophic cardiomyopathy, using the magnitude 
and distribution of LV hypertrophy alone. While the 
most reliable approach to differentiating these 2 condi- 
tions is probably the identification of familial transmis- 
sion of hypertrophic cardiomyopathy in first-degree rel- 
atives,** this is often difficult in practical terms; indeed, 
we were not able to systematically perform echocardio- 
graphic studies in pedigrees of our patients for this pur- 
pose. Nevertheless, it should be pointed out that in se- 
lected patients with systemic hypertension it may be 
possible to identify associated hypertrophic cardiomyop- 
athy with a reasonable degree of certainty due to the 
particular magnitude and distribution of LV hypertro- 
phy. For example, even in longstanding hypertension 
with extreme end-organ consequences (as in the present 
study group), the maximum LV wall thickness rarely 
exceeded 25 mm; conversely, it is not uncommon to en- 
counter patients with hypertrophic cardiomyopathy in 
whom the magnitude of hypertrophy is truly extreme 
with wall thicknesses of 25 to 50 mm.? In addition, 
although diverse patterns of asymmetric wall thickening 
were observed in our hypertensive patients, none showed 
hypertrophy confined to or predominantly involving the 
distal portions of LV. In comparison, patients with hy- 
pertrophic cardiomyopathy not infrequently show wall 
thickening of greater magnitude in the distal as opposed 
to the basal portions of the left ventricle.*-?:!2 

In view of these considerations, we cannot be abso- 
lutely certain whether each of the patients in the present 
study with systemic hypertension and marked LV wall 
thickening (particularly those with asymmetric hyper- 
trophy) does not, in fact, have associated hypertrophic 
cardiomyopathy. Indeed, the selection of these hyper- 
tensive patients based on the presence of marked LV 
wall thickening may have increased the likelihood of 
preferentially selecting some patients who also had asso- 
ciated primary hypertrophic cardiomyopathy. However, 
since both hypertrophic cardiomyopathy”?! and severe 
systemic hypertension (of the magnitude demonstrated 
by patients in this study)??? are relatively uncommon 
clinical entities, the theoretic possibility that more than 
l or 2 patients in this relatively large study population 
had both diseases is remote and ultimately would not 
have importantly influenced our data or conclusions. 

Our identification of a relatively large subgroup of 
hypertensive patients showing asymmetric LV hypertro- 
phy raises potentially important questions regarding 








4 


whether the symmetric and asymmetric forms of LV 
hypertrophy constitute etiologically or clinically differ- 
ent subsets of hypertensive heart disease. However, we 
and others have found no differences in demographics 
or clinical presentation between patients within these 2 
morphologic subgroups. The consideration that genetic 
or racial factors influenced overall cardiac morphologic 
appearance in our hypertensive patients is legitimate 
since all patients in this study are black. However, we 
do not believe our findings should be viewed as applica- 
ble exclusively to black patients with hypertension. Oth- 
er investigators studying predominantly white hyperten- 
sive populations have also described patients with 
marked LV wall thickening, as well as asymmetric pat- 
terns of hypertrophy.4634 Such observations suggest to 
us that factors other than race, such as the severity and 
duration of hypertension, are more likely to be major 
determinants of the extent of LV hypertrophy observed 
in our hypertensive study patients than racial or genetic 
factors. 
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VALVULAR HEART DISEASE 


Atrial Natriuretic Peptide and Vasopressin 
During Percutaneous Transvenous Mitral 
Valvuloplasty and Relation to Renin-Angiotensin- 
Aldosterone System and Renal Function 


Rong-Chi Tsai, MD, Tohru Yamaji, MD, Miyuki Ishibashi, MD, Fumimaro Takaku, MD, 
Morgan Fu, MD, Wen-Jin Cherng, MD, Kanji Inoue, MD, and Jui-Sung Hung, MD 


To study the relation between plasma atrial natri- 


uretic peptide (ANP) and cardiac pressure, and to 
assess the pathophysiologic significance of ANP in 
water and electrolyte metabolism, the changes in 
plasma levels of ANP and arginine vasopressin 
(AVP) were examined in 11 patients with mitral 
stenosis who underwent percutaneous transvenous 
mitral valvuloplasty, and compared with the 
changes in the renin-angiotensin-aldosterone sys- 
tem and renal function. Immediately after valvulo- 
plasty, plasma ANP levels decreased significantly 
with a concomitant decrease in mean pressures in 
the left atrium, the pulmonary artery and the right 
atrium. Plasma ANP levels decreased to the normal 
range in 4 of the 6 patients with normal sinus 
rhythm, while all 5 patients with atrial fibrillation 
had higher levels despite a similar degree of de- 
crease in atrial pressure. There were significant 
positive correlations between plasma ANP levels 
and the mean left atrial pressure (r = 0.61, p 
<0.01), the mean pulmonary arterial pressure (r = 
0.49, p <0.01) and the mean right atrial pressure 
(r = 0.54, p <0.01). The mean plasma AVP levels, 
on the other hand, showed a transient increase af- 
ter valvuloplasty from 0.5 + 0.1 to 1.2 + 0.4 pg/ml 
(p <0.05). The mean plasma renin activity (1.3 + 
0.3 vs 2.7 + 0.8 ng/mi/hr, p <0.05) and plasma al- 
dosterone concentration (8.6 + 2.3 vs 17.2 + 5.2 
ng/di, p <0.05) also increased significantly 30 min- 
utes after valvuloplasty. Further, a significant de- 
crease in glomerular filtration rate (89 + 7 vs 65 + 
5 ml/min, p <0.01), renal plasma flow (435 + 58 
vs 305 + 33 ml/min, p <0.01), urine flow (2.3 + 
0.5 vs 1.0 + 0.2 mi/min, p <0.01) and urinary so- 
dium excretion (162 + 43 vs 73 + 13 .mol/min, p 
<0.05) was observed 30 minutes after valvuloplas- 
ty. These results suggest that (1) the cardiac atri- 
um quickly responds to a reduction in atrial pres- 
sure to change its own ANP secretion, which di- 
rectly or indirectly regulates water and sodium 
metabolism; (2) in addition to increased atrial pres- 
sure, abnormal atrial contraction per se stimulates 
ANP secretion; and (3) excessive AVP secretion 
leading to the postcommissurotomy syndrome is 
not linked to an abrupt reduction in atrial pressure 
itself. (Am J Cardiol 1990;65:882-886) 
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peptide with potent natriuretic, diuretic and 
A versa activities, atrial natriuretic peptide 
(ANP) has been isolated from human atrial tis- 
sue, sequenced and synthesized.' A growing body of evi- 
dence now indicates that ANP is a circulating hormone 
in man. Although the exact mechanism involved in the 
regulation of ANP secretion remains unknown, atrial 
stretch due to increased atrial pressure may be one of 
the most important stimuli for ANP release in man. 
Plasma levels of ANP are elevated in various pathologic 
states associated with increased atrial pressure, such as 
congestive heart failure>* and paroxysmal atrial 
arrhythmias.>. 

If atrial stretch is really the major determinant that 
controls ANP secretion, then a reduction in atrial pres- 
sure may decrease plasma ANP levels. In addition, 
plasma levels of arginine vasopressin (AVP) may be al- 
tered by decreased atrial pressure, since volume recep- 
tors for AVP secretion are located in the cardiac atri- 
um.’ Recently, a new balloon catheter was developed, 
which enabled us to dilate fused commissures via femo- 
ral cutdown.?!° The present study was undertaken to 
examine the changes in plasma levels of ANP and AVP 
after successful percutaneous transvenous mitral valvu- 
loplasty in patients with mitral stenosis and to compare 
them with the changes in the renin-angiotensin-aldoste- 
rone system and renal function. 


METHODS 

The study group consisted of 2 men and 9 women 
with mitral stenosis, aged between 20 and 65 (mean 41) 
years. Normal sinus rhythm was present in 6 patients, 
while the other 5 had chronic atrial fibrillation longer 
than 6 months in duration. All patients were maintained 
with digoxin, while diuretics were withheld 3 days be- 
fore the procedure. The dietary sodium intake was re- 
stricted to 10 gm/day. Informed consent was obtained 
from all patients and the protocol was approved by the 
institutional human research committee. 
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Percutaneous transvenous mitral valvuloplasty was 
performed on the morning after an overnight fast ac- 
cording to the procedure as previously described." 
Three hours before the insertion of cardiac catheters, 
each patient received an intravenous infusion of 5% glu- 
cose at a rate of 80 ml/hr by a calibrated pump, and a 
soft Foley catheter was inserted into the bladder for 
subsequent urine collection. Thirty minutes before car- 
diac catheterization, a standard priming dose of para- 
aminohippuric acid was injected intravenously, followed 
by a maintenance infusion of 1% paraaminohippuric 
acid in 5% glucose at a rate of 60 ml/hr instead of pre- 
vious glucose infusion. The infusion was continued until 
60 minutes after the completion of valvuloplasty. Be- 
cause contrast medium may alter plasma ANP levels! 
and urinary sodium excretion, only a small dose was 
injected 60 minutes after valvuloplasty to confirm the 
absence of left-to-right shunt or mitral regurgitation. A 
Swan-Ganz catheter was reserved in the right femoral 
vein for 24 hours after valvuloplasty for the measure- 
ments of hemodynamic variables. 

Blood samples were collected before the transseptal 
puncture, and then 0, 1, 5, 15, 30, 45, 60 minutes and 
24 hours after valvuloplasty through a cannula in the 
left femoral vein. Blood was transferred to a chilled tube 
containing EDTA and the plasma was stored at —70°C 
until assay. Urine produced 10 minutes before cardiac 
catheterization was discarded and the bladder was 
washed out with 20 ml of air. Urine samples were then 
collected by catheter with the same procedure 0, 30 and 
60 minutes after valvuloplasty. Plasma ANP levels were 
estimated by radioimmunoassay after separation of 
ANP by affinity chromatography on anti-ANP-coupled 
agarose.'} The recovery of ANP from plasma was 81 + 
1% (mean + standard error of the mean, n = 37) and 
the sensitivity of the assay was 12.5 pg/ml. The coeffi- 
cients of variation averaged 7.2% for intraassay error 
and 11.1% for interassay error, respectively. Plasma 
ANP levels in 108 healthy subjects ranged from 12.5 to 
83.9 pg/ml (37.8 + 1.4 pg/ml, mean + standard error 
of the mean). 

Plasma AVP levels were measured using a radio- 
immunoassay kit provided by Mitsubishi Petrochemical 
Company, Ltd., after separation of AVP by a Sep-Pak 
Cig cartridge (Waters Associates). The recovery of 
AVP from plasma was 85 + 2% (mean + standard er- 
ror of the mean, n = 27) and the sensitivity of the assay 
was 0.2 pg/ml. The coefficients of variation averaged 
6.7% for intraassay error and 11.0% for interassay error, 
respectively. 

Plasma renin activity and aldosterone concentrations 
were measured by radioimmunoassays using commer- 
cial kits. Paraaminohippuric acid was measured by 
standard photometric method, sodium by flame pho- 
tometer, creatinine by autoanalyzer and osmolality by 
freezing point depression. 

Endogenous creatinine clearance was assigned for a 
measure of glomerular filtration rate and paraamino- 
hippuric acid clearance for that of renal plasma flow. 
Free water clearance was calculated as the difference 
between urine volume and clearance of osmoles. 


TABLE I Plasma Renin Activity and Plasma Aldosterone 
Concentrations Before and After PTMV 


30 minutes 60 minutes 
after after 
PTMV PTMV 

2.7 +0.8* 2.4+0.7* 


Plasma renin activity 1320.3 


(ng/ml/hr) 
Plasma aldosterone 
(ng/dl) 
Data are mean + standard error of the mean. 


* p <0.05 vs control. 
PTMV = percutaneous transvenous mitral valvuloplasty. 


8.6+2.3 17:22 5.2? 15.1 + 4.8 





All comparisons to control values were performed 
using 2-way analysis of variance and Student paired t 
test with Bonferroni’s correction. Statistical significance 
was defined as p <0.05. Results are expressed as mean 
+ standard error of the mean. 


RESULTS 
Hemodynamic data: Percutaneous transvenous mi- 
tral valvuloplasty rapidly decreased mitral transvalvular 
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FIGURE 1. Changes in the mean left atrial pressure (LAP), 
pulmonary arterial pressure (PAP), right atrial pressure (RAP) 
and cardiac index (Cl) after percutaneous transvenous mitral 
valvuloplasty in 11 patients with mitral stenosis. Pulmonary 
capillary wedge pressure was substituted for the left atrial 
pressure before and 24 hours after percutaneous transvenous 
mitral valvuloplasty. Vertical bars represent standard error of 
the mean. *p <0.05 vs control; **p <0.01. 
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TABLE II Renal Function, Urine Volume and Urinary Sodium 
Excretion Before and After PTMV 


0-30 minutes 
after PTMV 









30—60 minutes 
after PTMV 


Before 
PTMV 

























Glomerular 89+7 65+ 5t 72+7* 
filtration 
rate (ml/min) 

Renal plasma 435 +58 305 + 33t 377 + 37 
flow (ml/min) 

Filtration 0.23 + 0.03 0.23 + 0.03 0.20 + 0.02 
fraction 

Urine volume 2.3+0.5 1.0  0.2t 1.4+40.2t 
(ml/min) 

Sodium excretion 162 + 43 73 + 13* 104 + 26 
(umol /min) 

Free water —0.01 + 0.33 0.15 +0.37 —0.64 + 0.48 
clearance 
(ml/min) 






Data are mean + standard error of the mean. 
* p <0.05 vs control; t p <0.01. 
V = percutaneous transvenous mitral valvuloplasty. 









gradients in all patients (13.8 + 1.2 vs 4.2 + 0.8 mm 
Hg, p <0.01). The changes in other hemodynamic vari- 
ables are shown in Figure 1. The mean left atrial pres- 
sure and the mean pulmonary arterial pressure were 
moderately elevated in all patients, and decreased im- 
mediately after valvuloplasty. The mean right atrial 
pressure tended to decrease, while cardiac index showed 
a significant increase. The mean pulmonary capillary 
wedge pressure measured 24 hours after valvuloplasty 
was not significantly different from the mean left atrial 
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FIGURE 2. Changes in the mean plasma concentrations of 
atrial natriuretic peptide (ANP) and arginine vasopressin 
(AVP) after percutaneous transvenous mitral valvuloplasty in 
11 patients with mitral stenosis. Vertical bars represent 
standard error of the mean. *p <0.05 vs control; **p <0.01. 
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pressure at 60 minutes after the procedure. Similarly, 
the mean right atrial pressure and cardiac index did not 
change significantly 24 hours after valvuloplasty. 

Plasma levels of atrial natriuretic peptide, arginine 
vasopressin and aldosterone, and plasma renin activi- 
ty: Changes in plasma levels of ANP and AVP after 
valvuloplasty are shown in Figure 2. Plasma ANP levels 
were elevated in all but 2 patients who had high normal 
levels. Immediately after valvuloplasty they began to 
decrease in all patients, and the mean plasma ANP con- 
centrations 15, 30, 45 and 60 minutes after valvuloplas- 
ty were significantly lower than the control values. 
When patients were divided depending on the presence 
or absence of atrial fibrillation, plasma ANP levels 60 
minutes after valvuloplasty were within the normal 
range in 4 of the 6 patients with normal sinus rhythm 
(61.9 + 16.3 pg/ml), whereas all 5 patients with atrial 
fibrillation had higher levels than normal subjects (230 
+ 103 pg/ml). In addition, patients with atrial fibrilla- 
tion had higher mean plasma ANP levels than those 
with sinus rhythm throughout the study, although the 
differences were not significant. 

Plasma ANP levels declined and reached a plateau 
30 minutes after valvuloplasty. Thus, plasma ANP con- 
centrations in individual patients excluding those during 
the first 15 minutes after valvuloplasty were pooled, and 
compared with the simultaneously measured hemo- 
dynamic variables. There were significant positive cor- 
relations between plasma ANP levels and the mean left 
atrial pressure (r = 0.61, n = 33, p <0.01), the mean 
right atrial pressure (r = 0.54, p <0.01) or the mean 
pulmonary arterial pressure (r = 0.49, p <0.01). No 
significant correlation was found between plasma ANP 
levels and cardiac index. 

Plasma AVP levels showed an abrupt increase im- 
mediately after valvuloplasty and then gradually re- 
turned to the baseline. The mean plasma AVP concen- 
tration 1 minute after valvuloplasty was significantly 
higher than the control concentration. There were no 
significant correlations between plasma AVP levels and 
hemodynamic variables. 

Changes in plasma aldosterone levels and plasma re- 
nin activities after valvuloplasty are listed in Table I. 
The mean plasma renin activities 30 and 60 minutes 
after valvuloplasty were significantly higher than the 
control values. The mean plasma aldosterone concentra- 
tion 30 minutes after valvuloplasty was significantly 
higher than the mean of the initial values. 

Renal function: Table II summarizes the changes in 
renal function, urine volume and urinary electrolyte ex- 
cretion. Glomerular filtration rate and renal plasma 
flow decreased without a change in filtration fraction. 
Concomitantly, urine volume and urinary sodium excre- 
tion decreased, while free water clearance did not 
change significantly. 


DISCUSSION 

Our results show that plasma ANP levels rapidly de- 
crease after percutaneous transvenous mitral valvulo- 
plasty with a concomitant decrease in mean pressures in 
the left atrium, the pulmonary artery and the right atri- 


E E E E RETE E VEEE ee ee ee ee 


um. When plasma ANP levels before and after valvulo- 
plasty were compared with hemodynamic variables, sig- 
nificant positive correlations were found between plas- 
ma ANP levels and the mean left atrial pressure, the 
mean pulmonary arterial pressure or the mean right 
atrial pressure. An abrupt decrease in atrial pressure 
consequent on valvuloplasty is responsible for decreased 
plasma ANP levels. Very recently, a reduction of plas- 
ma ANP levels after percutaneous transvenous mitral 
valvuloplasty has been reported by other investiga- 
tors,!4-!6 although the temporal relation between plas- 
ma ANP levels and hemodynamic variables was not ex- 
amined in their studies. 

Plasma ANP levels decreased to the normal range 
after valvuloplasty in 4 patients with normal sinus 
rhythm. In contrast, plasma ANP levels were not nor- 
malized in all patients with atrial fibrillation despite a 
similar degree of reduction in the mean left atrial pres- 
sure. The mean plasma ANP levels in patients in the 
latter group were more than twice as high as those in 
the former group throughout the study. Of relevance is 
the previous finding that patients with heart diseases as- 
sociated with atrial fibrillation had significantly higher 
plasma ANP levels when compared to those in sinus 
rhythm in the same New York Heart Association 
class.!? Plasma ANP levels in patients with lone atrial 
fibrillation were again higher than in normal subjects.'’ 
Recently, Dussaule et al!> reported that plasma ANP 
levels in patients with mitral stenosis and atrial fibrilla- 
tion did not decrease after valvuloplasty despite a signif- 
icant decrease in left atrial pressure. Coupled with these 
observations, abnormal atrial contraction per se, in ad- 
dition to increased atrial pressure, may stimulate ANP 
secretion and may be responsible for higher plasma 
ANP levels after valvuloplasty in patients with atrial 
fibrillation in the present study. 

One of the important stimuli for AVP secretion is 
hypovolemia, which is censored by volume receptors lo- 
cated in the left atrium and carotid sinus.” In dogs, 
inflation of a balloon in the left atrium causes diuresis 
and a decrease in plasma AVP levels. In humans, plas- 
ma AVP levels were decreased during paroxysmal su- 
praventricular tachycardia with acute elevation of left 
atrial pressure.® Consistent with this finding, plasma 
AVP levels showed an abrupt increase immediately af- 
ter valvuloplasty in the present study. The stimulation 
of AVP release was short in duration, and plasma levels 
returned to the baseline 30 minutes after valvuloplasty. 
Hyponatremia may develop after surgical mitral com- 
missurotomy, which has been referred to as postcom- 
missurotomy syndrome.'*:!? The pathogenesis of this 
syndrome has been ascribed partly to excessive AVP se- 
cretion by an acute decrease in left atrial pressure.'? In 
view of a short-term AVP release after valvuloplasty 
demonstrated in the present study, however, sustained 
elevation of plasma AVP levels associated with this syn- 
drome may be due to miscellaneous surgical trauma 
rather than to a reflex from atrial receptors. 

Urinary sodium excretion and urinary flow de- 
creased after valvuloplasty. Concomitantly, glomerular 
filtration rate and renal plasma flow decreased without 
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a change in filtration fraction, which may explain the 
decreased sodium excretion after valvuloplasty. Admin- 
istration of synthetic ANP to humans or experimental 
animals causes natriuresis with a concurrent increase in 
glomerular filtration rate and renal plasma flow.?®-?? In 
view of this finding, decreased sodium excretion and 
urinary flow after valvuloplasty may be attributed, at 
least in part, to decreased plasma ANP levels. It may be 
argued in this regard that glomerular filtration rate and 
renal plasma flow were recovered, though partially, dur- 
ing the 30-minute period immediately after valvuloplas- 
ty, although plasma ANP levels remained low. This ap- 
parent discrepancy may be explained by the autoregula- 
tion of the kidney. The involvement of AVP in 
decreased urinary flow after valvuloplasty may be negli- 
gible, since free water clearance did not change signifi- 
cantly. 

Plasma renin activity and aldosterone concentrations 
increased after valvuloplasty. This may be another pos- 
sible mechanism underlying decreased urinary flow and 
sodium excretion. ANP possesses a direct inhibitory ef- 
fect on aldosterone secretion both in vivo and in vi- 
tro.2024-26 Although controversial, inhibition of renin re- 
lease by ANP also has been demonstrated under a vari- 
ety of experimental conditions.?°?°?% An increase in 
plasma renin activities and aldosterone concentrations 
after valvuloplasty, therefore, may be explained by a de- 
crease in plasma ANP levels. Whether other mecha- 
nisms (including the neural activation of the renin- 
angiotensin system resulting from a decrease in the left 
atrial pressure??°) may be involved is unknown at 
present. 
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Frequency of Acute Myocardial Infarction 
in Valve Repairs Versus Valve Replacement 
for Pure Mitral Regurgitation 
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Ea ge Sie ose Ba pepe a e ag ad ee 
Three hundred thirty-five consecutive isolated 
mitral valve operations for mitral regurgitation 
in patients with no significant coronary artery dis- 
ease were reviewed over a 26-month period for the 
of a perioperative acute myocardial in- 
farction (AMI). Of 224 patients undergoing mitral 
valve repair 12 (5.4%) had electrocardiographic 
and cardiac enzyme evidence of perioperative AMI 
develop. Of 111 patients undergoing mitral valve 
replacement none had perioperative AMI develop 
as determined by electrocardiographic and enzyme 
criteria (p = 0.01). All 12 infarctions after valve re- 
pair involved the inferior wall by electrocardio- 
graphic or echocardiographic criteria. Although no 
patient had significant clinical difficulty in recovery, 
7 of the 12 patients (58%) were left with Q waves 
upon hospital discharge. The etiology of the AMI is 
believed to be air emboli introduced at the time of 
testing valve competence during left ventricular in- 
sufflation under pressure. Changes in surgical tech- 
nique may reduce or eliminate this complication. 
(Am J Cardiol 1990;65:887-890) 
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formed since 1922! with variable success. Since 

the technique of Carpentier et al? was described 
in 1971 popularity of valve repair for mitral regurgita- 
tion has increased. Observational studies comparing mi- 
tral valve repair versus mitral valve replacement have 
noted significant clinical benefit in favor of the former 
including a lower operative mortality, é reduced peri- 
operative morbidity, improved long-term survival’ and 
significantly fewer episodes of thromboembolism. Leav- 
ing the mitral apparatus intact also improves overall left 
ventricular performance and consequently reduces the 
incidence of low cardiac output states.*’ A potential 
complication of any cardiac operation is perioperative 
acute myocardial infarction (AMI), the incidence of 
which has not been described in patients undergoing mi- 
tral valve repair. We reviewed the incidence of perioper- 
ative AMI in a cohort of patients undergoing surgery 
for isolated primary mitral regurgitation. 


() in repair of the mitral valve has been per- 


METHODS 

Patient population: The population consists of a se- 
ries of 335 consecutive patients over a 26-month period 
(June 1, 1986 to July 31, 1988) who required mitral 
valve surgery for mitral regurgitation but did not re- 
quire coronary artery bypass grafts or other cardiac sur- 
gical procedures. No patient had hemodynamically sig- 
nificant coronary atherosclerosis determined by coro- 
nary arteriography or exercise stress testing. Patients 
who had primary myocardial disease, pathology of other 
valves or previous mitral valve surgery were excluded. 
Two hundred twenty-four patients underwent mitral 
valve repair and 111 patients had mitral valve replace- 
ment with a prosthetic device during this period. 

Surgical technique: A median sternotomy was per- 
formed and bicaval and aortic cannulation were carried 
out. When equipment was available a prepump intra- 
operative Doppler echocardiography study was per- 
formed in all patients in whom repair was contemplat- 
ed. After heparinization cardiopulmonary bypass was 
instituted, moderate hypothermia was induced, the aor- 
ta was cross-clamped and the heart was arrested with 
cold crystalloid cardioplegia. The left atrium was 
opened in the interatrial groove and exposure afterward 
was achieved using an adjustable self-retaining retrac- 
tor. 

The mitral valve was repaired using previously de- 
scribed techniques.!° Cardioplegia solution was infused 
under pressure into the ascending aorta. Competence 
was tested by insufflation (injecting saline into the left 
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ventricle through the mitral orifice and pressurizing the 
left ventricle by infusing anterograde cardioplegia). Fre- 
quently, multiple tests of leaflet coaptation were neces- 
sary to ensure valve competence. When regurgitation 
had been eliminated the left atrium was closed after it 
was filled with blood and the aortic clamp was removed. 
The ascending aorta and apex of the left ventricle were 
aspirated to remove air. When the patient was normo- 
thermic and stable, cardiopulmonary bypass was discon- 
tinued. 

Follow-up studies: Intraoperative epicardial or 
transesophageal Doppler echocardiography was per- 
formed in 116 (52%) patients in this series, primarily to 
test for residual mitral regurgitation and to detect other 
complications. In 1986, 2.7% of the patients in our se- 
ries underwent intraoperative echocardiograms com- 
pared to 62% in 1987 and 98% in 1988. 

Electrocardiograms were performed upon arrival 
into the cardiovascular postoperative unit, daily until 
discharge to a regular nursing floor and on the day be- 
fore discharge from the hospital. Cardiac enzymes in- 
cluding total creatinine phosphokinase, creatinine phos- 
phokinase-MB isoenzymes and total serum glutamic- 
oxaloacetic transaminase were routinely drawn at the 
time of arrival into the unit and at 6 and 18 hours there- 
after. Further determinations of enzyme values were at 
the discretion of the attending physicians but the peak 
values recorded were used in this study. Before dis- 
charge from the hospital a repeat 2-dimensional Dopp- 
ler echocardiogram for evaluation of left ventricular and 
mitral valve function was performed. 

Myocardial ischemia was defined electrocardio- 
graphically as ST-segment elevation 21.5 mm from the 
isoelectric baseline in >22 leads referable to a myocardi- 
al region. Serial electrocardiograms were analyzed to 
follow resolution of any ischemic changes, the develop- 
ment of pathologic Q waves (width =0.04 s, depth 
225% of the R wave) or symmetrical T-wave inversion. 
Total creatinine phosphokinase levels >1,000, absolute 
creatinine phosphokinase-MB >133 and serum glutam- 
ic-oxaloacetic transaminase levels >100 IU/liter were 
considered the threshold levels suggesting myocardial 
damage. !!:!2 

Statistics: A comparison between enzyme level data 
was made with nonpaired Student’s ¢ test. Comparisons 
between frequency of myocardial infarction by enzyme 
and electrocardiographic criteria were made with Fish- 
er’s exact test. 


RESULTS 

Electrocardiograms: Of the 224 patients undergoing 
mitral valve repair 12 (5.4%) had evidence of AMI on 
the postoperative electrocardiogram. All 12 of these pa- 
tients initially had ST-segment elevation involving the 
inferior leads (II, III, aVF). Seven (58%) of the 12 pa- 
tients (3.1% of 224) had new pathologic Q waves before 
discharge from the hospital; 2 of these patients had new 
Q waves on their initial postoperative electrocardio- 
gram. Two of the 12 patients had symmetrical T-wave 
inversion develop, consistent with a non-Q-wave AMI. 
Three of the 12 patients resolved their ST-segment ele- 
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vation and upon hospital discharge had no electrocar- 
diographic evidence of AMI. The extent of the initial 
ST-segment elevation had no bearing on whether the 
electrocardiogram would resolve back to baseline level 
or evolve to an infarct pattern. 

Of the 111 patients who had mitral valve replace- 
ment 2 (1.8%) had electrocardiographic evidence of 
perioperative myocardial ischemia. The location of the 
ischemia was in the inferior wall in both. Both patients 
with ischemic ST-segment changes had new pathologic 
Q waves evolve in the inferior leads, which persisted to 
the time of discharge. 

None of the 14 patients who had perioperative isch- 
emia develop had clinical symptoms consistent with an- 
gina pectoris before surgery. Eleven of the 14 (79%) 
patients had coronary arteriography preoperatively and 
none had any significant coronary narrowing. The 3 re- 
maining patients did not have preoperative catheteriza- 
tion, but they were under 50-years-old and had normal 
maximum exercise stress tests using electrocardiograph- 
ic criteria alone (2 patients) or using electrocardio- 
graphic and thallium-201 imaging (1 patient). 

Cardiac enzymes: Of the 12 patients with electro- 
cardiographic evidence of ischemia after valve repair, 
enzymatic evidence for myocardial infarction was found 
on the basis of total creatinine phosphokinase levels in 
11 patients (92%), on the basis of creatinine phosphoki- 
nase-MB levels in 11 patients (92%) and on the basis of 
serum glutamic-oxaloacetic transaminase levels in 9 pa- 
tients (75%). Patients who had new pathologic Q waves 
develop on their electrocardiogram had a trend toward 
lower maximum values for both creatinine phosphoki- 
nase (mean 1,594 [U/liter) and serum glutamic-oxalo- 
acetic transaminase (mean 150 IU/liter) than the pa- 
tients whose electrocardiogram failed to develop patho- 
logic Q waves (1,826 and 222 IU/liter) (difference not 
significant). 

Both mitral valve replacement patients with electro- 
cardiographic ischemia had creatinine phosphokinase 
levels <1,000 IU/liter (mean 822) and absolute creati- 
nine phosphokinase-MB levels <133 IU/liter (mean 
124). One of the 2 patients had an elevated serum glu- 
tamic-oxaloacetic transaminase level (137 IU/liter), 
possibly hepatic in origin in light of a concomitantly ele- 
vated serum glutamic pyruvic transaminase level (142 
IU/liter). 

Frequency of perioperative myocardial infarction: 
As judged by electrocardiographic and enzyme criteria 
AMI was present in 12 of 224 (5.4%) mitral valve re- 
pair patients compared to 0 of 111 mitral valve replace- 
ment patients (p = 0.01). 

Echocardiography: Of the 12 patients who had elec- 
trocardiographic and enzymatic evidence of AMI devel- 
op, 7 (58%) had intraoperative echocardiography. This 
showed a wall motion abnormality of the inferior wall in 
4 of the 7 patients (57%), although 3 of these were not 
noted until retrospective review. 

Echocardiographic examinations were performed be- 
fore hospital discharge in all 14 AMI patients. A seg- 
mental wall motion abnormality consistent with infarc- 
tion was present in 4 of the 12 patients (33%) who had 
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electrocardiographic evidence of ischemia after repair, 
including 3 patients who had Q waves evolve and 1 pa- 
tient who had complete resolution of the acute electro- 
cardiographic abnormalities. All wall motion abnormal- 
ities were located in the inferior wall. In the 2 patients 
with Q-wave infarctions after valve replacement the late 
postoperative echocardiogram showed no segmental 
dysfunction. The presence of Q waves was not a predic- 
tor of echocardiographic evidence of hypokinesis as 67% 
of the Q-wave infarctions had no segmental wall motion 
abnormality. 

Clinical course: The clinical course of our patients 
was not significantly affected by the ischemic event. No 
patient had prolongation of the intensive care unit stay. 
All patients with ischemia were discharged from the 
hospital within 10 days after surgery. One patient had a 
short episode of nonsustained ventricular tachycardia on 
the second postoperative day that was not clinically sig- 
nificant. At the time of their 6-week postoperative visit 
neither angina pectoris nor congestive heart failure was 
reported by the patients or their physicians. 


DISCUSSION 

Perioperative AMI may cause substantial deteriora- 
tion in left ventricular function. In this review of 224 
consecutive mitral valve repairs in patients with normal 
coronary arteries, 12 patients (5.4%) had electrocardio- 
graphic and enzyme evidence of AMI postoperatively 
and 9 patients (4%) had electrocardiographic evidence 
of infarction on hospital discharge. There were no inci- 
dences of infarction diagnosed by electrocardiography 
and enzymes in patients undergoing mitral valve re- 
placement. Supportive echocardiographic evidence for 
infarction on the basis of segmental wall motion dys- 
function persisted to the time of discharge in 4 of the 12 
patients (33%). 

The etiology of this phenomenon is uncertain. How- 
ever, it is notable that all perioperative infarctions were 
inferior in location by both electrocardiographic and 
echocardiographic criteria. Air embolus, introduced 
during the testing of mitral valve competency and 
forced into the right coronary artery during pressuriza- 
tion of the left ventricle, is 1 possibility. 

When the heart-lung machine was introduced to 
cardiac surgery in 1953,!? air emboli were found to be a 
potential complication of its use. As little as 0.05 ml of 
air injected into a coronary artery can transiently im- 
pair left ventricular function and cause focal myocardial 
infarction,'+ although usually only transient ischemia is 
observed.!5 The behavior of air emboli is determined by 
position.! With the patient supine the ostium of the 
right coronary artery is anterior to the aortic root and 
left ventricle. The location of the right coronary artery 
ostia in association with the buoyancy of air would ex- 
plain the occurrence of only inferior myocardial isch- 
emia in our series. 

The etiology of air emboli after valvuloplasty com- 
pared to the incidence after mitral valve replacement is 
unknown but could be explained by the practice of in- 
sufflation (filling the left ventricle with fluid under pres- 
sure to check for valve competence). During insufflation 
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air introduced into the left ventricle or aortic root is 
forced under pressure up into the right coronary artery. 
With a mitral prosthesis air is similarly introduced into 
the heart but is never forced under pressure into the 
right coronary artery because insufflation is not per- 
formed. In addition inadequate left ventricular venting 
during closure of the left atrium can lead to air trapping 
in the ventricle. Mechanical prostheses, which usually 
are in the open position during filling of the left ventri- 
cle, allow air to escape helping to avoid air trapping. 

Another possible explanation could be excessive 
traction on the right coronary artery during retraction 
of the left atrium causing transient spasm or arterial 
damage. If this were the case one would expect an equal 
frequency of infarctions in patients undergoing mitral 
valve replacements as compared to those undergoing 
mitral valve repair. 

Several specific maneuvers might be capable of pre- 
venting air embolus during mitral valve surgery. The 
most important change may be to minimize the practice 
of pressurizing the ascending aorta during the mitral 
repair. Left ventricular insufflation can be performed by 
low-pressure filling with a bulb syringe through the mi- 
tral valve in most cases. Using retrograde cardioplegia 
via the coronary sinus should help reduce the incidence 
of air embolism. Retrograde cardioplegia delivery pro- 
vides excellent myocardial protection!’:'* via the coro- 
nary veins. Passage of this cannula requires a small 
right atriotomy and purse-string suture. When addition- 
al cardioplegia is needed after opening the left atrium, it 
should always be given via the retrograde coronary si- 
nus route. 

Other methods of avoiding air emboli might include 
compression of the right coronary artery or additional 
aortic venting during insufflation, pressurization of the 
left ventricle and better venting of the left ventricle after 
closure of the left atrium. Intraoperative echocardiogra- 
phy!%2 is performed after cardiopulmonary bypass and 
therefore cannot completely supplant insufflation. How- 
ever, competence of the mitral valve after repair can be 
safely assured. 

The exact mechanism for the increased frequency of 
inferior wall infarctions during mitral valve repairs is 
not completely understood. We propose that air emboli 
introduced during insufflation and concomitant pressur- 
ization of the left ventricle is the cause of this phenome- 
non. With changes in surgical technique we hope to de- 
crease this complication and we remain enthusiastic 
about valve repair for mitral regurgitation. 
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CONGENITAL HEART DISEASE 


Rapid Identification of the Course 
of Anomalous Coronary Arteries in Adults: 
The “‘Dot and Eye” Method 


Harvey Serota, MD, Charles W. Barth, Ill, MD, Carlos A. Seuc, MD, Michel Vandormael, MD, 
Frank Aguirre, MD, and Morton J. Kern, MD 
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It is often difficult to delineate the true course of 


anomalous coronary arteries by angiography be- 
cause it only provides a 2-dimensional view of a 
complex 3-dimensional structure. The purpose of 
this study was to confirm morphologically the 
radiographic appearance of anomalous coronary 
arteries and to construct a protocol for rapid deter- 
mination of their true course. Twenty-one adults 
who had anomalous origin of coronary arteries 
without other evidence of congenital heart disease 
were reviewed. Using an anatomically correct mod- 
el of the heart, solder wire was placed in the patho- 
logically described anomalous positions and radio- 
graphed. With this model the pathologically de- 
scribed courses could be easily recognized and 
separated radiographically. These courses were 
confirmed in the operating room in 2 patients and a 
rare anomaly of posterior origin of a coronary ar- 
tery was also confirmed by autopsy. 

(Am J Cardiol 1990;65:891-898) 
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arteries is an important potential problem in any 

catheterization laboratory. The natural history 
and treatment of these arteries is more dependent on 
the initial course of the anomalous vessel rather than its 
site of origin.'-? The angiographer has the critical re- 
sponsibility of accurately defining the origin and course 
as well as the degree of atherosclerosis in such ves- 
sels.!-° It is a major error to assume a vessel is occluded 
when in fact it has not been visualized due to an anoma- 
lous origin. By probing the 3 coronary cusps with stan- 
dard catheters in the left anterior oblique view the ori- 
gin of anomalous coronary arteries is usually easy to 
identify. However, since angiography only provides a 2- 
dimensional view of a complex 3-dimensional structure 
it is often difficult, even for experienced angiographers, 
to delineate the proximal course of the anomalous ves- 
sels. The radiographic misidentification of the course of 
anomalous coronary arteries has been delineated by 
Ishikawa and Brandt.!° The criteria that these investi- 
gators developed suggest that in at least half of pub- 
lished anomalous coronary angiograms, the proximal 
course was incorrectly interpreted. Due to a lack of 
morphologic confirmation these criteria have not been 
readily accepted by the radiologic community.'' The 
purpose of this study was to confirm morphologically 
the radiographic appearance of anomalous coronary 
arteries and to construct an approach for rapid determi- 
nation of their true course. 


T= unsuspected anomalous origin of coronary 


METHODS 

Patient population: The population consisted of 21 
adults with anomalous origin of the coronary arteries 
who were referred to our institution from 1985 to 1989. 
Patients with other congenital heart disease were ex- 
cluded. In 14 cases part of or the entire left coronary 
artery arose from the right sinus of Valsalva or the 
proximal portion of the right coronary artery. In 4 cases 
the right coronary artery arose from the left sinus of 
Valsalva or the proximal portion of the left coronary 
artery. In 1 patient the left anterior descending coro- 
nary artery arose from the posterior sinus of Valsalva 
and the circumflex artery from the right sinus of Valsal- 
va. In 2 patients the left anterior descending and cir- 
cumflex arteries arose from separate orifices in the left 
sinus of Valsalva. 

Angiography: The radiographic contrast media used 
was either ionic or nonionic in keeping with the labora- 
tories’ standard practices. Coronary injections were per- 
formed by using 6 to 10 ml of contrast in multiple 
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TABLE I Radiographic Appearance of Anomalous Origin of 
the Left Main Coronary Artery from the Right Sinus of 
Valsalva 
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C = circumflex; LAD = left anterior descending coronary artery; M = left main 
coronary artery; RAO = right anterior oblique; + = present; — = absent. Posterior 
and anterior are in reference to the aorta root. 







views. The film framing rate varied from 30 to 60 
frames/s. Ventriculography was performed using 36 to 
48 cc of contrast media injected at a rate of 12 to 16 cc/ 
s. Aortography was performed using 40 to 50 cc of con- 
trast media injected at a rate of 20 to 25 cc/s. 
Anatomic confirmation of angiographic findings: 
These coronary anomalies are sufficiently rare so as not 


N 
a ay A$ ; — 
( Ree á >a ahidi 


to be routinely found on coronary angiograms. In addi- 
tion, many types are benign5” and therefore do not pre- 
sent clinically. As a result a complete set of premortem 
angiograms with subsequent pathologic confirmation is 
not available. Clay Adams anatomically correct heart 
models were used as a substitute; a 2 mm solder wire 
(40% tin, 60% lead) was placed in each of the known 
pathologically described anomalous positions.’ Radio- 
graphs were taken of each model in the right anterior 
oblique (RAO) position and were then used to anatomi- 
cally confirm our angiographic interpretations. Since a 
continuous piece of solder wire was used branches of 
proximal coronary arteries could not be shown. In 1 pa- 
tient both premortem angiography and autopsy speci- 
men were available. In 2 patients angiography was per- 
formed before coronary bypass surgery; 1 patient was 
available for intraoperative photography. 


RESULTS 

Anomalous origin of the left main coronary artery 
from right sinus of Valsalva: When the left main coro- 
nary artery arises from the right sinus of Valsalva or 
the proximal right coronary artery it may follow 1 of 


FIGURE 1. Anomalous origin of left main coronary artery (M) from right sinus of V 





view). A, coronary angiography; B, diagrammatic representation; C, Cla 
Adams radiography. The “eye” is formed by the downward loop of M coronary artery and upward loop of eireumfiex corevary 





artery (C). Septal perforating arteries will be evident off M. The left anterior descending artery (L) is relatively short. Arrows 
outline aorta (A) and left ventricle (V). AV = aortic valve; h = model hardware that cannot be removed; C = circumflex; = 
septal branch; A = aorta; P = pulmonary artery; PV = pulmonic valve. 
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the following 4 pathways: septal; anterior free wall; 
retroaortic; and interarterial (Table I). 

SEPTAL COURSE: The left main coronary artery runs 
an intramuscular course through the ventricular septum 
along the floor of the right ventricular outflow tract (3 
patients, Figure 1). It then surfaces in the midseptum at 
which point it branches into the left anterior descending 
and the left circumflex coronary arteries. Because the 
artery divides in the midseptum the initial portion of the 
circumflex courses toward the aorta (the normal posi- 
tion of the proximal left anterior descending artery) and 
the left anterior descending artery is thus relatively 
short (i.e., only mid- and distal left anterior descending 
arteries are present). During 30° RAO ventriculog- 
raphy, aortography or coronary arteriography, the left 
main coronary artery and the initial portion of the cir- 
cumflex artery will form an ellipse to the left of the 
aorta similar to an “eye” with the left main coronary 
artery forming the inferior portion and the circumflex 
forming the superior portion. An additional clue to 
the septal course is the presence of septal perforator 
branches arising from the left main coronary artery. 

ANTERIOR FREE WALL COURSE: The left main coronary 
artery crosses the anterior free wall of the right ventricle 
(the initial course is similar to the course of the normal 
conus branch) and then divides at the midseptum into 
the left anterior descending artery and circumflex (1 pa- 
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FIGURE 2. Anomalous origin of left main coronary artery (M) from right sinus of Valsalva: anterior PERASA course (right 


tient, Figure 2). Because the artery divides at the mid- 
septum the initial portion of the circumflex artery 
courses toward the aorta (the normal position of the 
proximal left anterior descending artery) and the left 
anterior descending artery is relatively short (i.e., only 
mid- and distal left anterior descending arteries are 
present). During 30° RAO ventriculography, aortogra- 
phy or coronary arteriography the left main coronary 
artery and the initial portion of the circumflex artery 
will form an ellipse (“eye”) to the left of the aorta with 
the left main coronary artery forming the superior por- 
tion and the circumflex artery forming the inferior por- 
tion. The septal and anterior course are distinguished by 
whether the left main coronary artery forms the lower 
or upper portion of the ellipse, respectively. 
RETROAORTIC COURSE: The left main coronary artery 
passes posteriorly around the aortic root to its normal 
position on the anterior surface of the heart (Figure 3). 
It divides into the left anterior descending and circum- 
flex arteries at the point where it normally does and 
thus gives rise to left anterior descending and circum- 
flex coronary arteries of normal length and course (2 
patients). During 30° RAO ventriculography or aortog- 
raphy, the contrast column of the left main will be seen 
“on end” posterior to the aorta and will appear as a 
radiopaque “dot.” This retroaortic “dot” is diagnostic of 
a posteriorly coursing anomalous vessel. One of these 









anterior oblique view). A, left ventriculography; B, diagrammatic representation; C, Clay-Adams radiography. The “eye” is 
formed by the upward loop of M and downward loop of circumflex coronary artery (C). The left anterior descending artery (L) is 
relatively short. Arrow points to M. Abbreviations as in Figure 1. 





A 


B 
FIGURE 3. Anomalous origin of left 


main coronary artery (M) from right sinus of Valsalva: retroaortic course (right anterior 


oblique view). A, left ventriculography; B, diagrammatic representation; C, Clay-Adams radiography. Left anterior descending 
artery (L) is of normal length. Arrow points to contrast column of M seen on end appearing as a radiopaque “‘dot” posterior to 


aorta during left ventriculography. Abbreviations as in Figure 1. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1990 893 


PTFE RTA eee 














$ 
4 


ʻ M 
Pet Ler 


ra 


EPEA T 


i 
thee Sl hi t _ 
Pon 7 4 le ase 


abi eer ake vt 


ee meN A eh cer hp ely Py OE eee relies 


piad J 
= 


p 2 F 
x C rt Se et 


- 


-y 4 


Pn 


tesserae 


patients (a 29-year-old white man) had a cardiac arrest heart (1 patient, Figure 4). It divides into the left 

while playing softball and was resuscitated. He was anterior descending and circumflex coronary arteries 

electively bypassed and the course was confirmed in the at the point where it normally does and thus gives rise 

operating room. to left anterior descending and circumflex coronary ` 
INTERARTERIAL COURSE: The left main coronary ar- arteries of normal length and course. During RAO ven- 

tery courses between the aorta and pulmonary artery triculography or aortography, the contrast column of 

to its normal position on the anterior surface of the the left main coronary artery will be seen “on end” an- 
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FIGURE 4. Anomalous origin of left main coronary artery (M) from right sinus of Valsalva: interarterial course (right anterior 
oblique view). A, left ventriculography; B, diagrammatic representation; C, Clay-Adams radiography. Arrow points to contrast 
column of M seen on end appearing as a radiopaque “dot” anterior to aorta (A) during left ventriculography. Left anterior 
descending artery (L) is of normal length. Abbreviations as in Figure 1. 
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FIGURE 5. Anomalous origin of circumflex coronary artery (C) from right sinus of Valsalva: retroaortic course (right anterior 
oblique view). A, left ventriculography; B, diagrammatic representation; C, Clay-Adams radiography. Arrow points to contrast 
column of C seen on end appearing as a radiopaque “dot” posterior to aorta (A). Abbreviations as in Figure 1. 
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FIGURE 6. Anomalous origin of right coronary artery (R) from left sinus of Valsalva: interarterial course (right anterior oblique 
view). A, coronary arteriography; B, diagrammatic representation; C, Clay-Adams radiography. Abbreviations as in Figure 1. 
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terior to the aorta and it will appear as a radiopaque 
“dot.” 

Anomalous origin of the circumflex coronary artery 
from right sinus of Valsalva: When the circumflex cor- 
onary artery arises from the right coronary Cusp or the 
proximal right coronary artery it invariably follows a 
retroaortic course with the circumflex coronary artery 








passing posteriorly around the aortic root to its normal 
position (5 patients, Figure 5). During 30° RAO ven- 
triculography or aortography the contrast column of the 
circumflex will be seen “on end” posterior to the aorta 
and will appear as a radiopaque “dot.” 

Anomalous origin of the right coronary artery from 
the left sinus of Valsalva: When the right coronary ar- 





FIGURE 7. Anomalous origin of left anterior descending coronary artery (L) from right coronary artery: septal course (right 


anterior oblique view) with circumflex coronary artery (C) from right coronary artery (R) with a retroaortic course. A, coronary 


arteriography; B, diagrammatic 


ion; C, Clay-Adams radiography. L forms lower half of what would be an ellipse or 


“eye.” Septal perforating arteries will be evident off L. Abbreviations as in Figure 1. 
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FIGURE 8. Anomalous 


origin of left anterior descending coronary 
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(L) from right sinus of Valsalva: anterior free-wall 









course (right anterior oblique view). L forms upper half of an ellipse or “eye.” A, coronary arteriography; B, diagrammatic 
representation; C, Clay-Adams radiography; D, operative view. Abbreviations as in Figures 1 and 6. 
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tery arises from the left coronary cusp or the proximal 
left main coronary artery it invariably follows only 1 
path, although other courses are theoretically possible 
(Figure 6). The right coronary artery courses between 
the aorta and pulmonary artery to its normal position (4 
patients). During 30° RAO ventriculography or aortog- 
raphy the right coronary artery will be anterior to the 
aorta and may appear as a radiopaque “dot.” 

Anomalous origin of the left anterior descending 
coronary artery from the right sinus of Valsalva: When 
the left anterior descending coronary artery arises from 
the right aortic cusp or the proximal right coronary ar- 
tery it follows 1 of 2 pathways, although other courses 
are possible (Figures 7 and 8). 

SEPTAL COURSE: The left anterior descending coronary 
artery runs an intramuscular course through the ven- 
tricular septum along the floor of the right ventricular 
outflow tract (Figure 7). It then surfaces in the midsep- 
tum and turns toward the apex (1 patient). During 
RAO ventriculography, aortography or coronary arteri- 
ography the left anterior descending coronary artery 
will pass to the left and downward (forming the lower 
half of an ellipse or “eye”) before turning toward the 
apex. The circumflex may originate from the left cusp 
or may originate from the right cusp and course anoma- 
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FIGURE 9. Anomalous origin of left anterior descending artery (L) from noncoronary cusp and circumflex coronary artery (C) 


lously. The initial course of the left anterior descending 
coronary artery in this anomaly is identical to that of 
the left main coronary artery originating from the right 
sinus of Valsalva with a septal course as seen in Figure 
$ 

ANTERIOR FREE WALL COURSE: The left anterior de- 
scending coronary artery crosses the anterior free wall 
of the right ventricle (the initial course is similar to the 
course of the normal conus branch) and then at the 
midseptum turns toward the apex (1 patient, Figure 8). 
During 30° RAO ventriculography, aortography or cor- 
onary arteriography the left anterior descending artery 
will pass to the left and upward before turning toward 
the apex, forming the upper half of the “eye.” Because 
of severe coronary artery disease in the distal right and 
circumflex coronary arteries this patient underwent cor- 
onary artery bypass grafting. Intraoperative photogra- 
phy was available. The initial course of the left anterior 
descending artery in this anomaly is identical to that of 
the left main coronary artery originating from the right 
sinus of Valsalva with an anterior free wall course as 
described in Figure 2. 

Anomalous origin of coronary arteries from the 
noncoronary (posterior) aortic sinus: In | patient the 
left anterior descending artery arose from the posterior 
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from right coronary cusp. A, aortography (right anterior oblique view); B, aortography (left anterior oblique view); C, pathologic 
specimen (anterior view); D, pathologic specimen (posterior view). Initial portion of L was posterior to aorta (A) and coursed 
anteriorly. Arrow points to contrast column of C seen on end appearing as a radiopaque “dot” posterior to A. Abbreviations as 


in Figure 1. 
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aortic sinus (Figure 9). The initial portion of the left 
anterior descending artery was posterior to the aorta 
and coursed anteriorly toward its normal position. This 
patient also had an anomalous origin of the circumflex 
from the right sinus of Valsalva (it followed the usual 
course of an anomalous circumflex coronary artery as 
described above). During RAO ventriculography, aor- 
tography or coronary arteriography the left anterior de- 
scending artery coursed directly left to its normal posi- 
tion. This patient died from amyloid cardiomyopathy 
and the angiographic course was pathologically con- 
firmed. 

The left anterior descending and circumflex coro- 
nary arteries from separate ostia in the left aortic si- 
nus with a right coronary artery from the right aortic 
sinus: In 2 patients the left anterior descending and cir- 
cumflex coronary arteries arose from separate ostia in 
the left aortic sinus (Figure 10) and both were of nor- 
mal length and course. The LAO/caudal angulation 
provided the best visualization of the separate ostia. 


DISCUSSION 

Since the clinical consequences of anomalous coro- 
nary arteries seem to be dependent on the initial course 
relative to the great vessels!!! and not on the location 
of the origin the accurate delineation of the artery’s 
course is critical. 

By probing the 3 coronary cusps with standard cath- 
eters in the left anterior oblique view the origins of 
anomalous coronary arteries are relatively straightfor- 
ward to determine. As pointed out by Ishikawa and 
Brandt!” the radiographic misidentification of the proxi- 
mal course is a major problem in reported clinical find- 
ings. This is likely due to the angiographers’ lack of 
awareness of the difference between the septal course 
and the interarterial course”?!?!3-!7 despite being well 
recognized by pathologists.’ Some angiographers have 
suggested that passing a catheter into the main pulmo- 
nary artery and then performing a coronary arterio- 
gram in the direct lateral projection best localizes the 
course of these anomalies.'* This technique is limited 
because in the lateral view both the septal and the inter- 
arterial course will appear posterior to the pulmonary 
artery and anterior to the aorta when, in fact, if the 
artery is in the septum it is caudal to both great vessels. 

After an in-depth analysis we have developed a sim- 
ple and rapid approach—the “dot and eye method” —to 
determine the proximal course of anomalous coronary 
arteries from any angiogram that includes at least an 
RAO ventriculogram, an RAO aortogram or a selective 
injection of the anomalous coronary artery in an RAO 
projection. The left anterior oblique view is necessary to 
engage and localize the origin of these anomalous coro- 
nary arteries. However, the RAO view best separates 
the normally positioned aorta and pulmonary artery and 
allows excellent localization of the initial course of 
anomalous coronary arteries relative to the great ves- 
sels. The “dot and eye method” obviates the need for 
placement of right-sided catheters or injection of con- 
trast in the pulmonary artery, which can both be mis- 
leading. 


Data regarding the prognosis of each of the anoma- 
lies comes primarily from autopsy studies. Data from 
angiographic studies must be questioned unless angio- 
grams are correctly categorized.'' It appears that right 
(particularly when dominant) or left anomalous coro- 
nary arteries that course between the aorta and pulmo- 
nary trunk (interarterial course) carry the worst prog- 
nosis with exertional angina, syncope and sudden death 
being reported at a young age.!-57-!1? The mechanism of 
myocardial ischemia is unclear but may be due to dy- 
namic compression of the obliquely arising coronary ar- 
tery at the ostium, or to compression as it courses be- 
tween the aortic root and the root of the pulmonary 
trunk.>4 Once identified, coronary revascularization or 
translocation has been recommended in young patients 
with symptoms of myocardial ischemia.** The need for 
revascularization in older patients with interarterial 
anomalies is less clear, as survival to an old age usually 
implies a benign prognosis. 

Ischemia and/or sudden death has only rarely been 
reported with the other coronary anomalies of aortic or- 
igin. The septal course is the most common variant of 
anomalous origin of the left main coronary artery from 
the right sinus of Valsalva and in only 1 instance has it 
been associated with myocardial ischemia or sudden 
death.!6 Other anomalies that have been reported to be 
associated with myocardial ischemia or sudden death 
have been the left main coronary artery arising from the 
right sinus of Valsalva with a retroaortic course (3 pa- 
tients including 1 in this series) and anomalous origin of 
the left anterior descending artery from the right sinus 
of Valsalva with an anterior free wall course (1 pa- 
tient).!2,20 





FIGURE 10. Left anterior descending (L) and circumflex coro- 
nary arteries (C) from separate ostia in left aortic sinus (left 


anterior oblique/caudal angulation). A, selective C injection; 
B, selective L injection. 
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There have been rare reports of anomalous origin of 
the left main, right or circumflex coronary arteries from 
the posterior sinus of Valsalva; most of these are nec- 
ropsy reports.*” Angiographic identification of these 
anomalies is so infrequent that delineation of angio- 
graphic hallmarks is difficult. The clinical significance 
of these anomalies is uncertain although there is a single 
report of sudden death in a young male with origin of 
the right coronary artery from the posterior sinus of 
Valsalva who also had evidence of left ventricular hy- 
pertrophy.° Our 1 patient with anomalous origin of the 
left anterior descending artery from the noncoronary 
cusp died of amyloidosis. 

The remaining anomalies described in our series 
have not been associated with myocardial ischemia and 
are likely benign.’ 

Limitations: Ideally, we would have liked to have 
premortem angiography on a complete set of intact 
pathologic specimens to confirm these findings. It would 
have required patients with some other cardiac or non- 
cardiac disease to have incidental anomalous arteries on 
angiography and to subsequently present for autopsy. 
The anatomically correct Clay Adams model appears to 
be the best substitute. 

In conclusion, the “dot and eye method”’ facilitates 
rapid and accurate diagnosis of the proximal course of 
anomalous coronary arteries arising from the left or 
right coronary cusp of the aorta. In particular it can 
differentiate those with the interarterial course of the 
left main coronary artery, who may require surgical re- 
implantation or bypass grafting from those with the sep- 
tal course of the left main who have an excellent prog- 
nosis. This method is limited by its inability to localize 
anomalous coronary arteries off the posterior cusp. For- 
tunately, this anomalous origin is rare. If the angio- 
grapher cannot locate the ostium of a coronary artery, 
review of the RAO view left ventriculogram or aorto- 
gram for a “dot” or an “eye” will facilitate locating the 
anomaly. 
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MISCELLANEOUS 


Doppler Echocardiographic Evaluation 
of Left Ventricular Diastolic Function 
in Adolescents with Diabetes Mellitus 


Thomas W. Riggs, MD, 


Doppler echocardiograms of the mitral valve were 
recorded along with electrocardiograms and respi- 
rations from 20 diabetics and 16 normal subjects, 
all aged 10 to 15 years. E and A areas (the compo- 
nents of the total velocity-time integral in the early 
passive period of ventricular filling [E] and the late 
active period of atrial emptying [A], respectively), 
the peak E and A velocities (cm/s) and the 1/3 area 
fraction (or the proportion of filling in the first 1/3 
of diastole) were measured. Each of the following 
was significantly greater for the normal subjects 
versus diabetic patients: peak E (96 + 14 vs 81 + 
14 cm/s, p <0.005), E/total area (0.74 + 0.04 vs 
0.69 + 0.06, p <0.005) and peak E/A velocity ratio 
(2.38 + 0.55 vs 1.92 + 0.55, p <0.05). The mean 
heart rates and ages were not significantly differ- 
ent for the 2 groups. The remaining parameters 
(peak A velocity, A/total area, E/A area, and 1/3 
area fraction) were also not significantly different 
for the 2 groups. This study is the first to demon- 
strate diastolic dysfunction in pediatric patients 
with diabetes and may indicate abnormalities of 
ventricular relaxation or compliance in diabetes 
mellitus. 

(Am J Cardiol 1990;65:899-902) 
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ties in the development of congestive heart failure 

has long been recognized. Only recently have ab- 
normalities of diastolic function been appreciated.' Dia- 
stolic dysfunction has been described? in pediatric and 
adult patients with left ventricular hypertrophy, system- 
ic hypertension, hypertrophic cardiomyopathy and coro- 
nary artery disease, and may precede abnormalities of 
systolic function. Several studies have evaluated cardiac 
function in adults with diabetes mellitus and have found 
abnormalities in patients apparently free of cardiac dis- 
ease.°’? The purpose of our study was to determine 
whether abnormalities of diastolic filling were present in 
pediatric patients with diabetes mellitus. We further 
sought to determine whether a relation exists between 
the duration of the diabetes or the degree of diabetic 
control and the pattern of diastolic filling. 


Te importance of ventricular systolic abnormali- 


METHODS 

Study patients: The patient group consisted of 20 
pediatric patients with insulin-dependent diabetes melli- 
tus, aged 10 to 15 years, who had no evidence on physi- 
cal examination of cardiac disease and who were nor- 
motensive. After obtaining informed written parental 
consent and approval of the hospital Human Investiga- 
tion Committee, echocardiographic examinations were 
performed. All patients had no recent (within 2 months) 
diabetic ketoacidosis. The duration of diabetes ranged 
from 0.5 to 11.1 years at the time of the examination. A 
glycosylated hemoglobin (hemoglobin A1-C) measure- 
ment was available from all but 1 patient within 2 
weeks of the echocardiographic examination. A control 
group of 16 normal patients, aged 10 to 15 years, who 
were either normal volunteers or patients being evaluat- 
ed for a functional cardiac murmur, was also examined. 

Echocardiographic examination: A complete 2-di- 
mensional echocardiographic examination was per- 
formed on each patient using a Hewlett-Packard ultra- 
sonoscope with a 3.5-MHz transducer and a standard 
VHS video format was used to record it. Each patient 
underwent a range-gated pulsed Doppler examination 
of the left ventricular inflow tract. From an apical 4- 
chamber view, the Doppler cursor line was placed in the 
mitral valve inlet at an angle as nearly parallel to flow 
as possible and in the position of maximal velocity 
across the mitral valve. All examinations were recorded 
at a paper speed of 100 mm/s. We simultaneously re- 
corded the patient’s electrocardiogram and respirations 
(using a pressure transducer placed against the abdomi- 
nal wall). Inspiratory and expiratory cardiac cycles 
were measured at end-inspiration and end-expiration, 
respectively. 
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TABLE I Comparison of Diabetics with Normal Subjects 
(Measurements Made During End-Expiration) 


Diabetics Normals 
(n = 20) (n = 16) p Value 












Peak E 81414 96 + 14 











E /total 0.69 + 0.06 0.74+0.04 

E/A area 3.10+0.99 3.58 + 1.05 NS 
Peak E/A 1.92+0.55 2.38 + 0.55 <0.05 
1/3 area fraction 0.53 + 0.06 0.55 0.06 NS 
Peak A 4449 42+8 NS 
A/ total 0.24 + 0.05 0.22 + 0.06 NS 
HR (beats /min) 72+10 7548 NS 
Age (yrs) 12.9+1.7 12.0+1.8 NS 










Values are mean + standard deviation. 

A/total = ratio of atrial late active filling to total diastolic velocity-time integral; E/ 
total = ratio of early passive ventricular filling to total diastolic velocity-time integral: 
HR = heart rate; NS = not significant; Peak A = peak A velocity of atrial systole (cm/ 
s); Peak E = peak E velocity of early passive ventricular filling (cm/s); Peak E/A = ratio 
of peak E velocity to peak A velocity; 1/3 area fraction = the proportion of diastolic 
filling that occurs during the first one-third of diastole compared to the total diastolic 
velocity-time integral. 






TABLE II Influence of Respiration on Left Ventricular Filling 


Inspiration Expiration p Value 


Diabetics (n = 20) 
Peak E 77+13 
E /total 0.70+0.05 
E/A area 2.67 + 0.54 
Peak E/A 1.77+0.33 
1 /3 area fraction 0.51 + 0.06 
Peak A 44+7 
A/total 0.27 + 0.04 
HR (beats/min) 75+8 
Normal subjects (n = 16) 
Peak E 
E /total 
E/A area 
Peak E/A 
1 /3 area fraction 
Peak A 
A/total 
HR (beats /min) 


Abbreviations as in Table |. 


8l +14 





With the aid of a computer-interfaced digitizer pad, 
we measured the following variables: The RR’ interval, 
peak E and A velocities, area under the E and A por- 
tions of the diastolic velocity-time integral (the compo- 
nents of the total velocity-time integral in the early pas- 
sive period [E] of ventricular filling and the late active 
period [A] of atrial emptying, respectively), area of this 
diastolic integral during the first 1/3 of diastole and the 
total diastolic area. From these measurements, the fol- 
lowing were calculated: heart rate, peak E/A ratio, E/ 
A area, E/total area, A/total area and the proportion of 
filling during the first 1/3 of diastole (the 1/3 area frac- 
tion). 

Data analysis: All the Doppler measurements re- 
ported are the average of 3 cardiac cycles at end-inspi- 
ration and 3 cycles at end-expiration. All values are re- 
ported as mean + 1 standard deviation. A 2-tailed 
paired ¢ test was used for statistical analysis and p 
<0.05 indicated a significant difference between groups. 
To evaluate the effects of respiration, end-inspiratory 
cycles were compared with end-expiratory cycles. Com- 
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parisons of the normal control subjects with the diabetic 
patients were made at end-expiration. Standard regres- 
sion techniques were used to evaluate the relation be- 
tween diastolic filling and the duration of diabetes and 
the glycosylated hemoglobin levels. 


RESULTS 

Clinical profile: The patients with diabetes mellitus, 
aged 10 to 15 years (mean 12.9 + 1.7), had had diabe- 
tes for 0.5 to 11.1 years (mean 4.8 + 3.7). Their hemo- 
globin Al-C measurements varied from 8.0 to 19.7% 
(mean 12.8 + 3.3). 

Comparison of diabetic with normal control group: 
The mean peak E velocity, E/A velocity ratio and E/ 
total area ratio were each significantly lower for the di- 
abetic patients (81 + 14 vs 96 + 14 cm/s, p <0.005; 
1.92 + 0.55 vs 2.38 + 0.55, p <0.05 and 0.69 + 0.06 vs 
0.74 + 0.04, p <0.005, respectively) (Table I, Figures 1 
and 2). Both the mean age and heart rates of the dia- 
betic patients and normal control subjects were insig- 
nificantly different (12.9 + 1.7 vs 12.0 + 1.8 years, and 
72 + 10 vs 75 + 8 beats/min). None of the remaining 
parameters of left ventricular filling (E/A area ratio, 1/ 
3 area fraction, peak A velocity and A/total area) was 
significantly different. 

Influence of respiration on diastolic filling in normal 
subjects: For the normal group, there was significant 
respiratory variation in several variables of left ventricu- 
lar filling (Table II). The mean peak E velocity and 
peak E/A velocity ratio were each significantly greater 
during end-expiration than during end-inspiration (96 + 
14 vs 87 + 13 cm/s, p <0.0001 and 2.38 + 0.55 vs 1.96 
+ 0.36, p <0.0001, respectively). The mean 1/3 area 
fraction was also greater during expiration (0.55 + 0.06 
vs 0.51 + 0.06, p <0.01) and the mean heart rate was 
also slightly, but significantly, lower during expiration 
(75 + 8 vs 78 + 8 beats/min, p <0.001). None of the 
other parameters of left ventricular filling (peak A 
velocity, A/total area, E/total area and E/A area) was 
significantly affected by respiration. 

Influence of respiration on diabetic patients: For the 
diabetic group, there was significant respiratory varia- 
tion in several variables of left ventricular filling (Table 
II). The mean peak E velocity and peak E/A velocity 
ratio were each significantly greater during end-expira- 
tion than during end-inspiration (81 + 14 vs 77 + 13 
cm/s, p <0.005 and 1.92 + 0.55 vs 1.77 + 0.33, p 
<0.005, respectively). The mean E/A area ratio was 
also greater during expiration (3.10 + 0.99 vs 2.67 + 
0.54, p <0.05). The mean heart rate and A/total area 
ratio were each slightly, but significantly, lower during 
expiration (75 + 8 vs 72 + 10 beats/min, p <0.01 and 
0.27 + 0.04 vs 0.24 + 0.05, p <0.01, respectively). 
None of the other parameters of left ventricular filling 
(peak A velocity, E/total area and 1/3 area fraction) 
was significantly affected by respiration. 

Correlations between diastolic filling and diabetes: 
There were no significant relations observed between ei- 
ther duration of diabetes or the glycosylated hemoglo- 
bin levels and any parameters of diastolic filling. This 
was examined using both simple and multiple regression 
analysis. 
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DISCUSSION 

Previous studies in adults with diabetes: Danielsen 
et al? demonstrated abnormalities of diastolic filling in 
24 diabetics, including a decreased peak filling rate and 
a greater dependence on atrial contraction for ventricu- 
lar filling. Zarich et al! studied a group of 21 adult 
diabetics and 21 control subjects and found the peak E/ 
A ratio was decreased to 1.24 (vs 1.66 for the control 
subjects), the peak A was increased to 74.3 cm/s (vs 
60.3 for the control subjects), the peak E was decreased 
to 88.8 cm/s (vs 98.5 for the control subjects) and the 
atrial contribution to filling was increased to 35% (vs 
27% for the normal group). Airaksinen et al!'! studied 
21 diabetics who exhibited an increased peak A velocity 
(60 vs 47 cm/s for the control group) and a decreased 
peak E/A ratio (1.19 vs 1.65). These previous studies 
are similar to ours in that we showed a significant dif- 
ference between diabetics and age-matched control pa- 
tients in diastolic filling. Our diabetic patients exhibited 


FIGURE 1. Doppler echocardiogram obtained 
from a normal adolescent’s mitral valve. The 
early phase of ventricular filling (peak E) is 
dominant, with an E/A ratio of 2.50. Vertical 
calibration marks represent 20 cm/s and the 
recording speed was 100 mm/s. A = late dia- 


FIGURE 2. Doppler echocardiogram obtained 
from a patient with diabetes mellitus. Com- 
pared to the normal patient (Figure 1), the 
early phase of ventricular filling (peak E) is 
lower, the late phase of atrial filling (peak A) 
is higher and the E/A ratio is less at 1.61. 
Abbreviations as in Figure 1. 


a significantly lower peak E velocity, a smaller peak E/ 
A ratio and a lower proportion of filling occurring dur- 
ing the early passive phase of ventricular filling (E/total 
area). 

Relation between control of diabetes and diastolic 
filling: We found no significant relation between glyco- 
sylated hemoglobin or duration of diabetes and diastolic 
filling. Previous adult studies also found no significant 
relation.!!-!3 Although the glycosylated hemoglobin lev- 
el reflects the recent (6 to 8 weeks) history of glucose 
control, this may not accurately reflect the patient’s en- 
tire history of diabetic control. 

Influence of respiration: Previous investigations in 
adults have shown changes in peak E velocities with in- 
spiration.>!4 We have demonstrated significant respira- 
tory variation in several parameters of ventricular filling 
in children.’ Likewise in the present study, there was 
enhancement of early passive filling during expiration in 
normal subjects, as shown by the greater peak E veloci- 
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ty, higher peak E/A ratio and greater 1/3 area fraction. 
We believe that significant respiratory variation exists 
in diastolic filling and this phase of respiration needs to 
be standardized for analysis of diastolic function. 

In our diabetic patients, there was a similar pattern 
of enhanced early ventricular filling with expiration, but 
the differences were not as significant as in the normal 
subjects. The respiratory variation in heart rate was also 
not as significant for the diabetic as for the normal 
group. This lack of variability in heart rate has been 
noted previously in adults with diabetes mellitus®!! and 
may indicate autonomic impairment. 

Basis for diastolic dysfunction: The pattern of ven- 
tricular filling that we have documented in adolescents 
with diabetes mellitus may be as a result of abnormal 
ventricular relaxation or decreased ventricular compli- 
ance. Ventricular relaxation may be altered in diabetes, 
since calcium transport in the sarcoplasmic reticulum 
may be abnormal.!? Using a dog model of induced dia- 
betes mellitus, Regan et al!> inferred increased left ven- 
tricular stiffness from abnormalities of end-diastolic 
pressure-volume curves. An accumulation of glycopro- 
tein in the myocardial interstitium was thought to be 
the cause. We are confident that our patients (10 to 15 
years old) were free of premature atherosclerosis as an 
alternative explanation, although this is a plausible ex- 
planation for some adults with diabetes mellitus and 
diastolic dysfunction. 
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Prognostic Guides in Patients with Idiopathic 
or Ischemic Dilated Cardiomyopathy Assessed 
for Cardiac Transplantation 


Anne M. Keogh, MBBS, David W. Baron, MBBS, and John B. Hickie, MBBS 





In an attempt to identify which parameters predict 
survival in advanced dilated cardiomyopathy, 232 
patients presenting for assessment for cardiac 
transplantation were investigated and followed for 
10 + 12 months (range 2 weeks to 5 years). Etiolo- 
gy of dilated cardiomyopathy included ischemic 
heart disease (33%), idiopathic (42%) and miscel- 
laneous (25%). In each patient, 26 parameters 
were recorded. Whole group survival was 68% at 1 
year, 56% at 2 years, 41% at 3 years and 25% at 
4 years. On Cox multivariate regression analysis, 3 
parameters predicted survival: New York Heart 
Association symptom class (p <0.0001), pulmo- 
nary capillary wedge pressure (p <0.008) and plas- 
ma atrial natriuretic factor level (p <0.002). On 
paired testing of actuarial survival curves, plasma 
noradrenaline also held predictive value (p <0.002), 
as did left ventricular ejection fraction <20% on 
radionuclide ventriculography (p = 0.007) and 
presence of >4 beats of ventricular tachycardia on 
Holter monitoring (p = 0.007). Treatment with ami- 
odarone did not appear to influence survival. Con- 
ventional determinants of prognosis in cardiomyop- 
athy (symptom class, wedge pressure, nonsus- 
tained ventricular tachycardia and ejection fraction) 
do not alone always adequately differentiate surviv- 
al in this group of high risk patients. More atten- 
tion to plasma noradrenaline and to atrial natri- 
uretic factor levels may give important additional 
information in the context of assessment of pa- 
tients for transplantation. 

(Am J Cardiol 1990;65:903-908) 


From the Cardiac Transplant Unit and the Cardiology Department, St. 


Vincent’s Hospital, Darlinghurst, Sydney, Australia. This study was 
supported in part by the National Heart Foundation of Australia, 
Postgraduate Medical Research Scholarship. Manuscript received Sep- 
tember 29, 1989; revised manuscript received and accepted December 
1, 1989. 

Address for reprints: Anne Keogh, MBBS, Cardiac Transplant 
Unit, St. Vincent’s Hospital, Victoria Street, Darlinghurst 2010, Syd- 
ney N.S.W., Australia. 


prognosis in dilated cardiomyopathy and have iden- 

tified parameters related to survival.!-6 Many rec- 
ognized prognostic markers are not, however, adequate- 
ly discriminatory in the setting of assessment for trans- 
plantation where most potential candidates have serious 
exercise restriction and poor ventricular function. A 
comprehensive analysis of tests available for use in de- 
ciding patient priority has not been performed in a large 
group of potential candidates receiving angiotensin con- 
verting enzyme inhibitors. The aim of this study was to 
determine which clinical and investigational parameters 
measured at assessment most accurately predicted sur- 
vival in advanced dilated cardiomyopathy. Identifica- 
tion of the patients with the poorest prognosis should 
allow greater confidence in the timing of referral for 
transplantation and optimize timing of the procedure. 


S everal studies have addressed the question of 


METHODS 

Patients: The study group comprised 232 patients 
(195 men, 37 women) with dilated cardiomyopathy re- 
ferred to the Australian National Cardiac Transplant 
Unit for assessment for transplantation from February 
1984 to September 1988. Patients were followed for a 
mean of 10 + 12 months (range 2 weeks to 5.5 years) 
or until cardiac transplantation or death. Follow-up 
information (achieved in all patients) was obtained at 
repeat examinations or from communication with the 
patient’s referring physician. The mean age at onset of 
symptoms of heart failure was 37 + 12 years (range 9 
to 63) and at assessment was 42 + 12 years (range 10 
to 63). The mean interval from onset of symptoms of 
failure to assessment was 5.9 + 10.3 years. Of the 232 
patients, 76 (33%) died, 68 (29%) ultimately underwent 
transplantation and 88 (38%) are alive, of whom 47% 
are actively awaiting a donor. 

Inclusion criteria: All patients had dilated cardiomy- 
opathy on the basis of 3 features: symptoms and signs of 
left or biventricular heart failure, cardiothoracic ratio 
>0.55 on chest x-ray and global left ventricular hypo- 
kinesis on angiographic or radionuclide ventriculog- 
raphy or both. 

In all patients, the following was recorded: (1) date 
of onset of symptoms of heart failure, of assessment and 
of death, (2) etiology, (3) history of viral illness, (4) 
symptom class at assessment and at follow-up, (5) treat- 
ment or nontreatment with angiotensin converting en- 
zyme inhibitors and amiodarone, (6) atrial fibrillation, 
(7) history of ventricular fibrillation or symptomatic 
ventricular tachycardia and (8) cause of death (where 
relevant). Death was categorized as sudden, due to pro- 
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gressive congestive failure, due to other identifiable 
cause or of indeterminate mechanism. Sudden death 
was defined as death from circulatory failure occurring 
within 1 hour of onset of symptoms, where symptoms 
had been stable or improving over the previous 2 to 4 
weeks. 

Dilated cardiomyopathy was classified etiologically 
according to the following definitions. Ischemic was an 
obstruction of 250% of luminal diameter in 21 major 
epicardial artery. Alcoholic/idiopathic was a history of 
>60 g/day of alcohol consumption.’ Peripartum was 
when heart failure symptoms became manifest either in 
the last month of pregnancy or within 5 months of 
childbirth. Familial was when idiopathic dilated car- 
diomyopathy had been documented in 21 first-degree 
relative. Postinfectious was when a significant serologi- 
cal increase in viral titer occurred in the setting of 
a newly diagnosed dilated cardiomyopathy. Miscella- 
neous included adriamycin-related and electrocution- 
related cardiomyopathy and myocarditis. When no rec- 
ognized cause was evident, cardiomyopathy was termed 
idiopathic. 

Radionuclide ventriculography: Of 232 patients, 
218 (94%) underwent radionuclide ventriculography. 
Left ventricular ejection fraction was obtained by a 


SYMPTOM CLASS 
* p<0.0001 
ee p<0).0001 
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Class I/II 
(n=31) 
Class III 
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FIGURE 1. A, actuarial survival according to New York Heart 
Association symptom class. Numbers in parentheses indicate 


Ds 
point. B, actuarial survival according to pulmonary capillary 
wedge pressure (PCWP) (in mm Hg). 
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semiautomated count-based technique.? Normal range 
is 0.61 + 0.06 ejection fraction units!° and reproducibil- 
ity below 0.30 units is + 0.04 units (1 standard devi- 
ation).'' Patients in atrial fibrillation with a ventricular 
response rate >100 beats/min were excluded because 
this prevents a reliable evaluation of ejection fraction. !? 
In the absence of an accepted reference method for 
measuring right ventricular ejection fraction, results 
were categorized simply as definitely abnormal (below 
0.30 units) or not definitely abnormal.'? 

Echocardiography: Of 232 patients, 177 (76%) un- 
derwent M-mode and 2-dimensional echocardiography 
for measurement of left ventricular end-diastolic and 
end-systolic dimensions and calculation of fractional 
shortening. !* 

Catheterization and biopsy: Pulmonary artery 
mean, systolic and diastolic pressures and pulmonary 
capillary wedge pressure were measured in 183 patients 
(79%) and cardiac output was calculated (Fick oximet- 
ric principle). Pulmonary vascular resistance was ex- 
pressed in Wood units. Selective coronary angiography 
was performed at assessment in 176 of 232 patients 
(76%), and in other patients results of prior angiogra- 
phy were recorded. Endomyocardial biopsy was per- 
formed in 61 of 95 patients (64%) with normal coronary 
angiography and histology was classed as normal or ab- 
normal (anisonucleosis, fibrosis, myocyte diameter vari- 
ation). Those with evidence of infiltrative disease were 
excluded. 

Ambulatory monitoring: Of 232 patients, 137 (59%) 
underwent 24-hour ambulatory monitoring. All records 
were analyzed by the same physician using a Del Mar 
Avionics dynamic electrocardiographic scanner, and ec- 
topic activity classified as either ventricular or supra- 
ventricular on the basis of electrocardiographic complex 
morphology. Ventricular ectopy was graded as: Vp = no 
arrhythmias, V, = ectopic complexes <10/1,000 heart 
beats, V2 = ectopic complexes >10/1,000 heart beats, 
V, = multifocal single ectopic complexes, V4 = cou- 
plets/triplets and Vs; = ventricular tachycardia (24 
consecutive complexes at rate 2120/min). In addition, 
the average number of ventricular ectopic complexes/ 
1,000 heart beats and the presence of multifocal ectop- 
ics, couplets/triplets and of quadruplets were separately 
recorded. 

All 76 patients entered in the last 13 months of 
study (31%) underwent the following additional neuro- 
humoral investigations. 

Atrial natriuretic factor: Plasma venous atrial natri- 
uretic factor concentration was measured from blood 
samples taken at 8.30 A.M. (patients in sitting position) 
using a radioimmunoassay technique by Sudhir et al 
fully described elsewhere.'> Normal range is 15 to 30 
pg/ml. 

Plasma amines and renin/urinary amines: Venous 
blood was drawn at 8.30 A.M. with patients seated, for 
measurement of plasma free noradrenaline (normal 
range 0.83 to 10.0 nmol/liter), free dopamine (normal 
<1.0 mmol/liter) and plasma renin activity (normal 
range 100 to 1,000 fmole/liter/s). 

Urine collection (24 hour) was performed for deter- 
mination of urine free unconjugated noradrenaline con- 
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centration (normal range 66 to 920 nmole/24 hours, in- 
terassay coefficient of variation was 3.74% at 177 pmol/ 
sample) and free dopamine level (normal range 0.43 to 
5.3 mmole/24 hours) assayed as previously reported. 6 
Results for patients on inotropic support were excluded 
as these agents may artificially elevate levels. 

Statistical analysis: Data were entered on a dBase 
Mac data file (Ashton-Tate). Actuarial survival curves 
were constructed for all parameters above and below 
the median using the Kaplan-Meier product limit sur- 
vival curve method with log-rank testing to examine the 
difference between curves. Simple linear regression was 
used for direct correlations. Cox multivariate regression 
analysis was used to identify parameters predicting sur- 
vival. Differences between group means were compared 
by unpaired ż testing or by Wilcoxon rank sum testing 
(nonparametrically distributed values) and frequency of 
events by chi-square test with Yates’ correction. 

For the purpose of analysis, those patients under- 
going transplantation were considered as lost to follow- 
up at the date of transplant. To ensure that the inclu- 
sion of transplanted patients did not influence our re- 
sults, each parameter was analyzed with and without 
these patients included to alert us to any bias that may 
have been introduced. 


RESULTS 

Clinical data: The number of patients studied was 
232. Symptom class was graded as New York Heart 
Association class I in 2 patients (1%), class II in 29 
(13%), class III in 119 (51%), class IV /inotrope depen- 
dent in 73 (31%) and unclassified in 9 patients (4%). 
Etiology of cardiomyopathy was idiopathic in 97 (42%), 
ischemic in 76 (31%), alcoholic/idiopathic in 20 (9%), 
peripartum in 8 (3%), postinfectious in 8 (3%) and oth- 
er in 23 (10%) patients. Patients with the diagnosis of 
cardiomyopathy on the basis of ischemic heart disease 
had angiographically abnormal arteries (96%) or Q- 
wave infarct on electrocardiogram (86%) or both. Of 
117 patients with idiopathic or alcoholic/idiopathic di- 
lated cardiomyopathy, 36% gave a history consistent 
with viral illness in the month before initial presenta- 
tion. Postinfectious cardiomyopathy was attributed to 
Coxsackie in 3, mycoplasma in 2 and enterovirus in 3 
cases. Therapy included diuretics in all patients, angio- 
tensin converting enzyme inhibitors in 193 of 212 (91%) 
and amiodarone in 91 of 230 (40%). Treatment with 
digitalis was not noted specifically but was almost in- 
variable, regardless of history of atrial fibrillation. 

Whole group survival: During follow-up, 76 patients 
died (33%). One-, 2-, 3- and 4-year actuarial survivals 
were 68, 56, 41 and 25%, respectively. Deaths were sud- 
den in 36 (47%), attributed to progressive failure in 16 
(21%), due to emboli in 2 (3%) and of indeterminate 
cause in 22 (29%). Sudden death appeared twice as fre- 
quent as death from progressive failure, reflecting the 
tendency to transplant in those patients deteriorating 
slowly. 

Multivariate analyses: The first Cox multivariate 
regression analysis was performed on 13 parameters. 
These were etiology, symptom class, treatment with an- 
giotensin converting enzyme inhibitors or with amioda- 
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rone, atrial fibrillation, history of ventricular tachycar- 
dia/fibrillation, pulmonary artery pressure, capillary 
wedge pressure, cardiac output and calculated pulmo- 
nary vascular resistance, left ventricular end-diastolic 
dimension, fractional shortening and radionuclide left 
ventricular ejection fraction. Full data were available 
for analysis in 97 patients. Symptom class and pulmo- 
nary capillary wedge pressure were demonstrated to be 
strong predictors of survival (p = 0.0001 and p = 0.008, 
respectively). 

The second multivariate analysis examined 26 pa- 
rameters in 54 patients (13 parameters in addition to 
those examined in the first multivariate analysis). These 
additional parameters were: grade of atrial and ventric- 
ular ectopia, number of ventricular ectopics/1,000 
beats, presence of multifocal ectopia, couplets/triplets, 
ventricular tachycardia, right ventricular ejection frac- 
tion, plasma noradrenaline, dopamine, renin activity 
and atrial natriuretic factor level and urinary noradren- 
aline and dopamine. Parameters highly predictive of 
survival were symptom class (p = 0.0001), pulmonary 
capillary wedge pressure (p = 0.008) and atrial natri- 
uretic factor level (p = 0.002). 

Symptom class and etiology: The l-year actuarial 
survivals in classes I/II, III and IV were 82, 77 and 
41%, respectively, and 3-year survivals were 52, 34 and 
0%, respectively (Figure 1A). Class I/II survival dif- 
fered significantly from that of class IV /inotrope depen- 
dent (p <0.0001) and class III versus class IV /inotrope 
dependent (p <0.0005). Survival did not differ signifi- 
cantly between class I/II and class III. Actuarial surviv- 
al curves for ischemic, idiopathic and other causes of 
dilated cardiomyopathy revealed no difference on the 
basis of etiology. 

Hemodynamic parameters and endomyocardial bi- 
opsy: The pulmonary capillary wedge pressure was the 
only significant hemodynamic parameter on testing of 
survival curves. The difference between survival at pul- 
monary capillary wedge pressure >12 and <12 mm Hg 
was significant (p = 0.01, Figure 1B) but not when 
viewed around the group median (25 mm Hg, p = 
0.08). Of 61 patients with idiopathic cardiomyopathy 
who underwent cardiac biopsy, 95% demonstrated histo- 
logic abnormalities but the presence of these did not re- 
late to survival. 

Left and right ventricular ejection fraction: Median 
left ventricular ejection fraction for the group was 16%. 
When transplanted patients were considered as lost to 
follow-up at the time of transplantation, whole group 
actuarial survival according to left ventricular ejection 
fraction <20% or >20% was not significantly different. 
However, those who underwent transplantation had a 
lower mean ejection fraction compared with those who 
did not, indicating our tendency to transplant those with 
a lower ejection fraction first. When reanalyzed for the 
“worst-case” situation (where transplanted patients 
were treated as deaths) actuarial survival differed sig- 
nificantly according to ejection fraction (p = 0.007) 
(Figure 2A). 

Of 68 patients with right ventricular ejection frac- 
tion data, 22 (32%) had normal (>0.30 units) and 46 
(68%) had depressed right ventricular ejection fraction. 
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Survival was 79% at 2 years with normal function com- 
pared with 38% for those with an abnormal value (dif- 
ference not significant). After removal of patients un- 
dergoing transplantation, reanalysis showed a trend (p 
= 0.085) to shortened survival in those with abnormal 
right ventricular function. 

Ambulatory monitoring: Grade Vo to V3 arrhyth- 
mias occurred in 27 (20%), V4 in 54 (39%) and V; in 56 
(41%). Actuarial curves demonstrated no difference be- 
tween survival for the following: number of ventricular 
ectopic complexes/1,000 on Holter monitoring, grade of 
ventricular arrhythmia, presence of multifocal ectopics, 
of couplets/triplets or of ventricular tachycardia. 

Because treatment with amiodarone may have modi- 
fied any prognostic information provided by ambulatory 
monitoring,' those patients taking amiodarone were 
omitted from analysis. In the untreated patients, the 
presence of ventricular tachycardia (24 beats) was a 
very potent differentiator of survival (p = 0.007) (Fig- 
ure 2B). This was confirmed by finding significant dif- 
ferences in survival between Vo to V3 versus Vs (p = 


LEFT VENTRICULAR EJECTION FRACTION 


Probability 


LVEF <0.20 
(n=156) 


Months 


VENTRICULAR TACHYCARDIA 


No VT (n=78) 


Probability 


VT (n=31 ) 


Months 


FIGURE 2. A, actuarial survival according to radionuclide 
determined left ventricular ejection fraction (LVEF). 
Values <0.20 and >0.20 refer to LVEF units. B, actuarial 
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0.03) and between V4 and V; (p = 0.02). No other 
measure of ventricular ectopy related significantly to 
survival. A history of ventricular fibrillatory arrest was 
present in 30 (13%) patients and 34 (15%) had had at 
least 1 episode of ventricular tachycardia with hemody- 
namic compromise. There was no difference in survival 
associated with these events. 

Plasma and urinary amines: Plasma noradrenaline 
level >7 nmol/liter (median) was associated with re- 
duced 1-year survival (59 vs 80% for <7 nmol/liter, p = 
0.002) (Figure 3A). No differences were demonstrated 
for plasma dopamine or renin activity, or for urinary 
noradrenaline or dopamine. 

Plasma atrial natriuretic factor: Actuarial survival 
curves were arbitrarily constructed according to <100 
pg/ml versus >100 pg/ml. The difference between 
these curves was statistically significant (p = 0.014) 
(Figure 3B). When curves were constructed for atrial 
natriuretic factor levels above and below the group me- 
dian of 65 pg/nl, significance was lost (p = 0.09). Atrial 
natriuretic factor levels increased with increasing sever- 
ity of symptoms. Mean + standard deviation value for 
class I/II (n = 6) was 42 + 22 pg/ml, class III (n = 
45) 72 + 63 pg/ml and class IV/inotrope dependent (n 
= 25) 113 + 100 pg/ml. Atrial natriuretic factor corre- 
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FIGURE 3. A, actuarial survival according to plasma nor- 
adrenaline level (NA) (in nmol/liter). B, actuarial survival 
according to plasma atrial natriuretic factor (ANF) (in pg/ml). 


lated significantly with plasma noradrenaline (r = 0.46, 
p <0.01) but not with pulmonary capillary wedge pres- 
sure or with left ventricular ejection fraction. Atrial 
natriuretic factor levels were not higher in those patients 
in atrial fibrillation compared with those in sinus 
rhythm. 

Predictive value: The predictive value (true positive/ 
true positive + false positive) for each significant surviv- 
al parameter was determined in nontransplanted pa- 
tients only for the likelihood of dying within 6 months of 
assessment. Predictive value for symptom class III and 
IV was 79%, for pulmonary capillary wedge pressure 
>12 mm Hg it was 88%, for left ventricular ejection 
fraction <20% it was 59% and for presence of ventricu- 
lar tachycardia on Holter it was 55%. Numbers were 
too small and follow-up too short for individual inter- 
pretation of plasma noradrenaline, atrial natriuretic fac- 
tor and combined variable data. 

Angiotensin converting enzyme inhibitors: At as- 
sessment, 91% were taking angiotensin converting en- 
zyme inhibitors. Those who did not were taking other 
vasodilators (hydralazine, nitrates) or were intolerant of 
the hypotensive effects of any vasodilator or had had 
these agents temporarily suspended. Not surprisingly, in 
the absence of a comparable control group, angiotensin 
converting enzyme inhibitors were not associated with a 
survival advantage (p = 0.85). 

Amiodarone: Of 232 patients, 91 (40%) took amio- 
darone at some time during the study. No attempt was 
made to randomize treatment, which was largely deter- 
mined by the referring physician. To correctly analyze 
survival, 3 groups were identified: group I = no treat- 
ment with amiodarone (n = 129), group 2 = amioda- 
rone commenced after entry to study (n = 49) and 
group 3 = treatment with amiodarone already estab- 
lished at entry (n = 42). As expected, group 2 had high- 
er grades of all types of ventricular ectopy on Holter 
monitoring, awareness of which led to amiodarone 
treatment (group 2 mean grade 4.7 + 0.08 vs group 1 
3.6 + 1.5, p <0.001, and vs group 3 3.7 + 1.6, p 
<0.01). Actuarial survival curves for group I versus 
group 3 demonstrated no survival advantage for this 
agent (p = 0.45). 

improved status: A substantial number of patients 
(excluding those transplanted) improved to a better 
symptom class during follow-up. Of class I/II patients, 
19% improved, in class III 23% improved, and surpris- 
ingly, 19% of those in class IV did likewise. Thus the 
chance of improving clinically was comparable in all 
symptom classes. Improvement was related to com- 
mencement of angiotensin converting enzyme inhibitors 
in 10 of 29 patients (34%), of amiodarone in 3 of 29 
(10%) and of both agents in 6 of 29 (21%). It was ap- 
parently spontaneous in 10 of 29 (34%). Symptomatic 
improvement sustained at follow-up thus appeared to be 
drug related in 65% and spontaneous in 35%. In patients 
with duration of symptoms of cardiac failure of <12 
months, 16 of 55 (29%) improved compared with 17 of 
114 (15%) patients who had had symptoms of cardiac 
failure for >12 months (p <0.02). Thus there was a 


greater likelihood of improvement where symptoms had 
been established for <1 year. 


DISCUSSION 

This is one of the largest studies of the natural histo- 
ry of dilated cardiomyopathy in potential candidates re- 
ferred for cardiac transplantation. It differs from other 
studies in that it analyzes a comprehensive group of 
variables not previously tested together in the 1 patient 
group and includes atrial natriuretic factor, which has 
only recently been recognized as a potentially useful 
prognostic marker.'’:'* Furthermore, heart failure treat- 
ment was homogenous, including angiotensin converting 
enzyme inhibitors in the majority (91%), and excluding 
all antiarrhythmic agents except amiodarone and digox- 
in. The percentage of patients with class I/II symptoms 
(14%) may seem unduly high, but reflects an increasing 
trend to refer for transplantation for prognostic gain 
rather than symptom relief. 

Symptom class and pulmonary capillary wedge pres- 
sure have been previously shown to relate to survival.’ 
They are not, however, adequate predictors of outcome 
in the pretransplant population where most patients 
have high grade symptoms and elevated wedge pressure. 
It is difficult to differentiate who with class III symp- 
toms are at highest risk. Likewise, survival does not re- 
late in a linear way to the absolute level of wedge pres- 
sure. Prior studies have also demonstrated a worse prog- 
nosis with low ejection fraction whether determined 
angiographically,'!? echocardiographically* or with ra- 
dionuclide testing.2°?! The last method appears to have 
more discriminatory value because mortality increases 
with decreasing ejection fraction.?! 

Our finding that plasma atrial natriuretic factor pre- 
dicts survival in patients receiving angiotensin convert- 
ing enzyme inhibitors!” confirms a recent report demon- 
strating its prognostic value in those patients not taking 
these agents.'® We have shown that in humans, atrial 
natriuretic factor levels increase with worsening symp- 
tom class, peaking in class IV patients. Plasma levels of 
atrial natriuretic factor correlated significantly with 
plasma noradrenaline level and it is conceivable that 
this relation is explained not only by rising levels of each 
in worsening heart failure, but also by release of atrial 
natriuretic factor consequent on circulating amines.” 

Plasma noradrenaline concentration has previously 
been shown to relate independently to the subsequent 
risk of mortality. The stability of levels with time has 
been demonstrated.”:* Despite this, plasma noradrena- 
line level is used clinically as a marker of prognosis. 
More widespread usage of this parameter, particularly 
before transplantation, is justified. While other vari- 
ables probably simply reflect severity of heart failure, 
plasma noradrenaline may additionally be mechanistic 
in contributing to mortality via its proarrhythmic and 
vasoconstrictive effects. 

There is no consensus as to whether ventricular 
tachycardia, complex ectopy or frequency of single ec- 
topics independently predicts survival in patients with 
dilated cardiomyopathy.5?56 In this current study, un- 
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treated ventricular tachycardia (but not absolute num- 
ber of ventricular ectopics) predicted survival. Once 
treatment with amiodarone began, the effect of ventric- 
ular tachycardia on survival became unclear. 

Contrary to a prior report of a dramatic reduction in 
mortality in patients receiving amiodarone,! we were 
unable to show a survival advantage for those treated 
with this agent. The treated group, however, had a high- 
er mean grade of ventricular arrhythmias on Holter 
monitoring before amiodarone began; given that this 
would indicate a worse prognosis, the finding of compa- 
rable survival may in itself reflect a survival advantage. 
A prospective trial is required. Angiotensin converting 
enzyme inhibitors did not appear to influence survival 
but this is not surprising as 91% of the group were tak- 
ing these agents and the remaining 9% did not represent 
an adequate control group either because they were tak- 
ing other vasodilators or were temporarily intolerant of 
any vasodilator. 

Patients who went on to transplantation were consid- 
ered as lost to follow-up at the date of transplant, and 
this may conceivably have biased the results toward 
lower mortality (sicker patients were transplanted). To 
test this, each parameter was examined with and with- 
out the transplanted patients included and with the ex- 
ception of left ventricular ejection fraction, no differ- 
ences were seen. 

Other parameters proved disappointing. An abnor- 
mal endomyocardial biopsy in no way related to survival 
in patients with idiopathic dilated cardiomyopathy. 
Some prior studies report differential survival depend- 
ing on etiology of cardiomyopathy,!2728 but in our 
heterogenous group no differences were seen. Right ven- 
tricular ejection fraction remains difficult to quantitate 
with radionuclide techniques because of the difficulty of 
separating the right ventricle from other structures.!3 
Only when patients undergoing transplantation were ex- 
cluded was there a trend to differing survival dependent 
on right ventricular function. 

A substantial proportion (approximating 20%) of 
patients in all symptom classes improved to a lower 
grade of symptom class during follow-up. When im- 
provement related to the commencement of drug thera- 
py was removed, 10 of 34 patients had improvement 
that appeared to be spontaneous. These findings are 
comparable to those observed in other studies.* The only 
factor found more frequently in those who improved 
was duration of symptoms of heart failure <12 months, 
indicating that caution should be exercised when judg- 
ing prognosis in those with relatively recent symptom 
onset. 

Symptom class and elevated pulmonary capillary 
wedge pressure have little value in discriminating be- 
tween priority of patients awaiting cardiac transplanta- 
tion. Left ventricular ejection fraction, presence of ven- 
tricular tachycardia, plasma noradrenaline and atrial 
natriuretic factor levels should be taken into account 
when assessing patients regarding appropriate timing of 
cardiac transplantation. 


Acknowledgment: We are grateful to Kate Downs, 
PhD, for her statistical analyses and Robyn Woods, 
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ASSOCIATE DIRECTOR OF CATH LAB. The Veterans 
Affairs Medical Center, Long Beach, CA is seeking can- 
didates for a full-time tenure track position in invasive 
and interventional cardiology. Significant experience in 
coronary angioplasty and permanent pacemaker inser- 
tion desirable. The Cardiology Section is fully integrated 
with UC Irvine, College of Medicine. Academic level of 
appointment set by the University of California commen- 
surate with experience. Please submit CV and names of 
references to: Victor F. Froelicher, M.D., FACC, Chief, 
Cardiology (111C), VA Medical Center, 5901 E. 7th 
Street, Long Beach, CA 90822. U. S. citizenship re- 
quired. Equal Opportunity Employer. 





CARDIOLOGIST 


CARDIOLOGIST to join cardiology department of multi-specialty 
clinic. Position requires expertise in invasive/non-invasive proce- 
dures. Cardiology team includes cv/thoracic surgeon. Competitive 
guaranteed salary with bonus incentive plan, malpractice insur- 
ance, relocation expense and interview expense included in bene- 
fits package. Enjoy a sub-tropical climate on the Texas Gulf Coast. 
Location is attractive to those who enjoy outdoor sports such as 
fishing, golf, and sailing. Look into joining our great team. Contact: 
Amanda Fuhro, Valley Diagnostic Medical & Surgical Clinic, P.A., 
2200 Haine Drive, Harlingen, Texas, (512) 421-5199. 





THIRD CARDIOLOGIST—+o join expanding HMO in 
No. California wine country. Non-invasive and invasive 
(cath, no angioplasty). Send inquiries to Roy Meyer, 
M.D., Kaiser Permanente Medical Group, 401 Bicen- 
tennial Way, Santa Rosa, CA 95403. 





Cardiologists sought for two opportunities in New York 
State and Western Pennsylvania respectively. In both 
situations, an association with one other cardiologist is 
offered. Both positions offer an affiliation with a medi- 
um-sized progressive, local hospital and competitive, 
flexible financial packages. Temporary and permanent 
pacemakers, Swan-Ganz, nuclear expertise desirable. 
No caths or angioplasty. 

Both areas offer a good quality of life, sophisticated 
medical community, fine schools, affordable housing 
and easy access to nearby metropolitan areas. Please 
reply Box 1060, The American Journal of Cardiology, 
249 W. 17th St., New York, NY 10011. 





























ATTENDING PHYSICIANS 


The Division of Cardiology at a major teaching affiliate of the 
Columbia University College of Physicians and Surgeons is 
seeking candidates with teaching and research interest for two 
full time faculty positions: 


Echocardiographer 
Invasive Cardiologist 
Salaries will be commensurate with experience, and a full 
package of benefits is offered. Send CV to: Jay Brown, MD, 
Chief, Division of Cardiology, Harlem Hospital Center, 506 
Lenox Avenue, New York, NY 10037. We take affirmative ac- 
tion to ensure equal opportunity. 


NONINVASIVE ACADEMIC CARDIOLOGIST. Full-time position available in 
a university-affiliated teaching hospital. Must have experience in all nonin- 
vasive techniques including Color Flow Doppler. Hospital has active cath, 
EPS, and nuclear labs, accredited Fellowship program and open heart sur- 
gical programs. Candidate must have research and teaching experience. 
University faculty appointment required. Excellent compensation and bene- 
fits. Send CV to Steven M. Zeldis, M.D., Division of Cardiology, Winthrop- 
University Hospital, 259 First Street, Mineola, Long Island, NY 11501. 
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in Snowmass Colorado 


Porter Memorial Hospital & 
Loma Linda University Medical Center 
Present 
Advances in Echocardiography 

_ June 27-29, 1990 
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ae ; i . INDICATIONS AND USAGE: EMINASE® ANISTREPLASE, is indicated for use in the management of acute myocardial infarction (AMI) in adults, for the lysis of thrombi obstructing coronary arteries, the — 
T3 l) NA Ss E a reduction of infarct size, the improvement of ventricular function following AMI, and the reduction of mortality associated with AMI. Treatment should be initiated as soon as possible after the onset of 


AMI symptoms. 


HS a _ANISTREPLASE CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, EMINASE*® is contraindicated in the following situations: = active interrial bleeding œ history of cerebrovascular 
may ae aes? a accident ® recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) ® intracranial neoplasm, arteriovenous malformation, or aneurysm ™ known bleeding diathesis 
: cM mei) ® severe, uncontrolled hypertension. EMINASE® should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. l 


” WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad Categories: 1. Internal 
bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial punctures, sites 
-Of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE® had dissipated, but while 
heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including catheter 
-insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). Intramuscular injections and nonessential handling of the patient should be avoided during treatment with EMINASE® Venipunctures should 
= be performed carefully and only as required. Should an arterial puncture be necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible to manual compression. A pressure dressing 
~ Should be applied, and the puncture site should be checked frequently for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be carefully evaluated and anticipated benefits should be weighed against 
_ potential risks associated with therapy. In the following conditions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: # recent (within 10 days) major surgery (e.g., coronary artery 
~ bypass graft, obstetrical delivery, organ biopsy, previous puncture of noncompressible vessels) ® cerebrovascular disease @ recent gastrointestinal or genitourinary bleeding (within 10 days) ® recent trauma (within 10 days) including 
Cardiopulmonary resuscitation ® hypertension; systolic BP —-180 mmHg and/or diastolic BP 110 mmHg ® high likelihood of left heart thrombus (e.g., mitral stenosis with atrial fibrillation) æ subacute bacterial endocarditis = acute peri- 
= Carditis @ hemostatic defects including those secondary to severe hepatic or renal disease @ pregnancy # age >75 years (Use of EMINASE® in patients over 75 years old has not been adequately studied.) ® diabetic hemorrhagic 
~ retinopathy or other hemorrhagic ophthalmic conditions ® septic thrombophlebitis or occluded AV cannula at seriously infected site @ patients currently receiving oral anticoagulants (e.g., warfarin sodium) = any other condition in 
which bleeding constitutes a significant hazard or would be particularly difficult to manage because of its location. kK 


ias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias (such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular tachycardia) 
are not different from those often seen in the ordinary course of acute myocardial infarction and may be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia and/or 
-ventricular irritability be available when injections of EMINASE® are administered. ; 


pe: Hypatension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been observed soon after intravenous EMINASE® administration. Patients should be monitored Closely and, should symptomatic or 
-alarming hypotension occur, appropriate symptomatic treatment should be administered. 


~ PRECAUTIONS: General: Standard management of myocardial infarction should be implemented concomitantly with EMINASE* treatment. Invasive procedures should be minimized (see WARNINGS}. Anaphylactoid reactions have rarely 







been reported in patients who received EMINASE®. Accordingly, adequate treatment provisions such as epinephrine should be available for immediate use. 


 Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE® may not be as effective if administered more than 5 days after prior EMINASE® or Streptokinase therapy or streptococcal 
E ae a infection, particularly between 5 days and 6 months, Increased antistreptokinase antibody levels between 5 days and 6 
7 Ae months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. Repeated 
administration of EMINASE® within one week of the initial dose has occurred in a small number of patients treated for 
AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those patients who received 
repeat doses of EMINASE® but otherwise the adverse event profile was similar to those who received one dose. 


Laboratory Tests: Intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). Results 
of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE* therapy may be unreliable 
unless specific precautions are taken to prevent in vitro artifacts. EMINASE® when present in blood in pharmacologic 
concentrations, remains active under in vitro conditions. This can lead to degradation of fibrinogen in blood samples 
removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 KIU/mL) can, to some 
extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE® with other cardioactive drugs has not been studied. In addition to bleeding 
associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and dipyridamole) 
may increase the risk of bleeding if administered prior to EMINASE® therapy. 


Use of Anticoagulants: EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause bleeding 
complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical studies, a majority 
of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital stay and a minority 
received heparin pretreatment with EMINASE®. The use of antiplatelet agents increased the incidence of bleeding events 
similarly in patients treated with EMINASE* or nonthrombolytic therapy. There was no evidence of a synergistic effect of 
combined EMINASE® and antiplatelet agents on bleeding events. In addition, there was no difference in the incidence of 
hemorrhagic CVA's in EMINASE* treated patients who did or did not receive aspirin. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate the 
carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration assays 
in human lymphocytes were negative at all concentrations tested. 


Pregancy (Category C): Animal reproduction studies have not been conducted with EMINASE® It is also not known whether 
EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction capacity. EMINASE® 
should be given to a pregnant woman only if clearly needed. 


Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted in 
human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE® 


Pediatric Use: Safety and effectiveness of EMINASE® in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, with 
nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. Bleeding 
at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of presumed 
intracranial bleeding within 7 days postdosing with EMINASE® was 0.57% (n=5275; 0.34% etiology confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. In the AIMS 
-trial the overall incidence of bleeding in patients treated with EMINASE® was 14.8% compared with 3.8% tor placebo. The incidence of specific bleeding events was: 









EMINASE® Placebo EMINASE® Placebo EMINASE® Placebo 
Type of Bleeding (n=500) (n=501) Type of Bleeding (n=500) (n=501) Type of Bleeding (n=500) (n=501) 
Puncture site 4.6% <1% Gastrointestinal hemorrhage 2.0% 1.4% Anemia <1% <1% 
- Nonpuncture site hematoma 2.8% <1% Intracranial 1.0% <1% Eye Hemorrhage <1% <1% 
-~ Hematuria/Genitourinary 2.4% <1% Gum/Mouth Hemorrhage 1.0% 0 Hemorrhage (unspecified) <1% 0 
_ Hemoptysis - 2,2% <1% Epistaxis <1% <1% 


In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. Should serious bleeding (not controlled by local pressure) occur in a Critical location (intracranial, gastrointestinal, 
K. retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
4 appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


au Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of nonthrombolytic 
Control patients. Hypotension occurred in 10.4% of patients treated with EMINASE® compared to 7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 
a = Willergic-type Reactions: Anaphyiactic and anaphylactoid reactions have been observed rarely (0.2%) in patients treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). These included 


=, Symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing one to two weeks 
a4 after treatment has been reported in 0.3% of patients. The rash may also be associated with arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was self-limiting and without 
-long-term sequelae. 

* _ Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was diagnosed 
` in patients receiving EMINASE®. Lys-Plasminogen is derived from human plasma obtained from FDA approved sources and tested for absence of viral contamination, including human immunodeficiency virus type 3} (HIV-1) and hepatitis 
-B surface antigen, The manufacturing process includes a vapor-heat treatment step for inactivation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of >10°' fold HIV-1 infectious 
* panicles, Le., >10” infectious particles removed by vapor-heat treatment and a cumulative total of >10” infectious particles removed by the various steps in the purification process. 
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Re ip Unknown: Since the following experiences may also be associated with AMI or other therapy, the causal relationship to EMINASE® administration is unknown. The following adverse experiences were infrequently 
` ) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture,chest pain,emboli; Dermatology—purpura,sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic—throm- 
bocytopenia; 





cytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous—agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 
E: = DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended dose is 30 units of EMINASE® administered only by intravenous injection over 2 to 5 minutes into an intravenous line or vein. 


l Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P, by directing the stream of fluid against the side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake, Try to minimize foaming. 
5 N téconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of 
me vial. 5. The reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other medications should be added to the vial or syringe containing EMINASE®. 6. If 
__ EMINASE®is not administered within 30 minutes of reconstitution, it should be discarded. 
HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials, NDC 57294-030-20, 

Storage: Store lyophilized EMINASE® between 2-8°C (36-46°F). Do not use beyond the expiration date printed on the vial. 





+ 


© Mantactred by | E ny, 

_ Beecham-Wiilfing — ir ae i Distributed by 

__ Neuss, West Germany eres | £32." | Beecham Laboratories 
-` US. License No. 1097 ies DRET ‘ et ie Maes, Bristol, Tennessee 37620. 








. 
i 


l 
` 





Please see brief summary of prescribmg information adjacent to this ad unit 








* ERERSRD 


Please see brief summary of prescribing information adjacent to this ad unit 


“ 


aes 
df 


rl Lt 


— 
_ i 





Now, a single 2- to 5-minute 
IV injection significantly 
reduces mortality in acute MI 


Saves function Saves time 


When used within 6 hours In administration 
of onset in acute MI. 


E Reduces infarct size 24% compared with m Rapid administration of therapy under a 
heparin physician's care 


@ Maintains significantly better ejection fraction—  ® Total 30-unit dose can be completely 
53% v 47.5% with heparin administered in 2 to 5 minutes 
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EMINASE 


ANISTREPLASE 


Saves lives 


When used within 6 hours 
of onset in acute MI. 


Increases both 30-day and 1-year survival 
following acute MI 


Eminase has been studied worldwide in more than 5200 patients and reported 
in the literature as APSAC (anisoylated plasminogen streptokinase activator 
complex). 

In one multinational clinical trial involving 1258 patients with acute myocardial 
infarction, Eminase was significantly more effective in reducing mortality when 
compared with nonthrombolytic therapy. Eminase demonstrated a 472% 
reduction in mortality at 30 days and a 38% reduction at 1 year in acute MI 
when administered within 6 hours of onset of symptoms." 


Results of APSAC Intervention Mortality Study (AIMS) 


Percent mortality Percent mortality 
within 30 days within 1 year 
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Saves function 


When used within 6 hours 
of onset in acute MI. 


Reduces infarct size 24% 


In a double-blind randomized trial, the infarct size 
of Eminase patients was 24% smaller than that 
of heparin patients approximately 3 weeks after 
treatment (n = 188, P= .02).** 


Improves ejection 
fraction 


Patients treated with Eminase had significantly 
better left ventricular ejection fractions compared 
with heparin patients (53% v 47.5%; P < .01), 
when measured 4 days after treatment. ** 


Successful reperfusion 


Treatment in acute MI must not only open 
coronary arteries, but also keep them open. Two 
studies report successful reperfusion with 
Eminase of 60%* and 64% Experience from 
these studies indicates a reocclusion rate within 
24 hours of 3% to 4%,** 


Presents a low incidence 
of serious adverse effects 


Few episodes of major bleeding. 

In all clinical trials (n = 5275), the incidence of 
intracranial bleeding was 0.57%, compared to 
0.16% with nonthrombolytic therapy. The overall 
incidence of bleeding was 14.6% (puncture-site 
bleeding, 5.7%; non-puncture-site bleeding, 
10.2%). 

Hypotension. 

With Eminase, the incidence of hypotension was 
10.4%, compared to 7.9% with nonthrombolytic 
therapy. 

Other adverse experiences reported 
include: 

Arrhythmia/conduction disorders; nausea and/ 
or vomiting; fever/chills; rash/itching. Anaphy- 
lactic reactions were rarely observed (0.2%). 


"Anderson et al. J Am Coll Cardiol. 1988;11:1153-1163. 
tBonnier et al. Am J Cardiol. 1988;62:25-30. 
**See full prescribing information. 
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Saves time 


In administration 


Rapid preparation and administration saves critical time 
in initiating therapy in acute MI 
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Rapid initiation of therapy due IV injection for rapid use under Total 30-unit dose can be 
to simple preparation. a physician's care. completely administered in 
2 to 5 minutes. 


Saving time is the first step in saving lives in acute MI 

The ease of preparation and speed of administration with Eminase help reduce the critical time to 
initiate therapy. These valuable minutes result in optimal therapeutic effectiveness in treating the 
acute MI patient. 


In acute MI, intervene with a single 2- to 5-minute IV injection of 
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Effects of Caffeine on Blood Pressure Response 
During Exercise in Normotensive Healthy 
Young Men 


Bong Hee Sung, PhD, William R. Lovallo, PhD, Gwendolyn A. Pincomb, PhD, 
and Michael F. Wilson, MD 


The possible combined effects of caffeine and 
exercise on blood pressure (BP) regulation were 
examined in 34 healthy, normotensive (BP <135/ 
85 mm Hg) young men (mean age 27 + 3 years) in 
a placebo-controlled, double-blind crossover de- 
sign. Each subject performed submaximal and 
symptom-limited maximal supine bicycle exercise 1 
hour apart after ingestion of placebo or caffeine 
(3.3 mg/kg). Heart rate, BP, cardiac output and pe- 
ripheral vascular resistance were compared for pla- 
cebo and caffeine days. Postdrug baseline showed 
that caffeine increased systolic and diastolic BP 
and peripheral vascular resistance (p <0.001 for 
each) and decreased heart rate (p <0.01) but did 
not change stroke volume or cardiac output. BP 
and vascular resistance effects of caffeine re- 
mained during submaximal exercise resulting in an 
additive increase in BP while negative chronotropic 
effects of caffeine disappeared. At maximal exer- 
cise substantially more subjects (15 on caffeine vs 
7 on placebo, p <0.02) had systolic BP 2230 mm 
Hg and/or 2100 mm Hg for diastolic BP. Plasma 
norepinephrine levels were not significantly differ- 
ent across days, but epinephrine was higher at 
maximal exercise and cortisol was increased post- 
drug and throughout maximal exercise on caffeine 
days. Data indicate that caffeine increases BP addi- 
tively during submaximal exercise and may cause 
excessive BP responses at maximal exercise for 
some individuals. The pressor effects of caffeine 
appear to be due to increasing vascular resistance 
rather than cardiac output. 

(Am J Cardiol 1990;65:909-913) 


From the Departments of Medicine, Psychiatry and Behavioral Sci- 


ences, and College of Pharmacy, University of Oklahoma Health Sci- 
ences Center and Veterans Administration Medical Center, Oklahoma 
City, Oklahoma. This study was supported in part by grant HL-32050 
from the National Heart, Lung, and Blood Institute, Bethesda, Mary- 
land, and by the Medical Research Service of the Veterans Administra- 
tion, Washington, DC. 

Address for reprints: Bong Hee Sung, PhD, Veterans Administra- 
tion Medical Center (151A), 921 N.E. 13th Street, Oklahoma City, 
Oklahoma 73104. 


aking up in the morning with a cup of coffee is 

part of the American culture and caffeine has 

become one of the most popular and accepted 
stimulants. Caffeine has a wide range of pharmacologic 
effects and has been positively associated with cardiac 
stimulation, arrhythmias and coronary heart disease.!~> 
However, overall effects of caffeine on health have been 
difficult to assess and its consumption is likely to con- 
tinue. 

Recent studies have shown that oral caffeine admin- 
istered short-term increases blood pressure (BP) at 
rest** and potentiates the pressor response seen during 
mental and occupational stress in humans.”!° These 
studies suggested that the effects of caffeine on the car- 
diovascular system may be modified in combination 
with mental stressors.'!:' Exercise is one of the most 
potent natural stressors to the cardiovascular system 
and caffeinated beverages are often consumed before 
and during such activity. How caffeine influences the 
hemodynamic and neurohormonal responses to exercise 
is not well established in healthy people. 

The purpose of this study was to examine the possi- 
ble combined effects of caffeine and exercise on BP reg- 
ulation. In so doing, we examined the effects of caffeine 
on hemodynamic and neurohormonal responses to exer- 
cise. We also evaluated the occurrence of exaggerated 
pressor activity during exercise after caffeine consump- 
tion (BP 2230/100 mm Hg) and the mechanisms un- 
derlying pressor effects of caffeine on the cardiovascular 
system. 


METHODS 

Subjects: Thirty-four men aged 21 to 35 years were 
studied. All had an average screening BP <135/85 mm 
Hg. Normal cardiovascular function was confirmed by 
a negative medical history, normal physical examination 
and normal treadmill exercise tolerance test with elec- 
trocardiogram. Usual caffeine consumption of the study 
group was equivalent to 1 to 5 cups of coffee/day with 
no reported caffeine intolerance or side effects. The sub- 
jects’ physical characteristics and inclusion criteria are 
listed in Table I. 

Procedures: Each subject was tested in a double- 
blind, crossover design on placebo and caffeine days. 
Test sessions were scheduled at least 2 days apart at 
8:00 am after 12 hours of abstinence from caffeine. 
Each session consisted of the following: instrumentation 
of the subject; 30 minutes of supine rest during labeling 
of red blood cells with 25 mCi of technetium-99m and 
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TABLE I Physical Characteristics of the 34 Male Subjects 
and Inclusion Criteria 


26 +1 
180 +2 
79.1 +2.2 
22.5 + 0.92 
126 +2 

73 +2 
325 £59 


Age (yrs) 

Height (cm) 

Weight (kg) 

Body fat (%)* 
Systolic BP (mm Hg) 


Diastolic BP (mm Hg) 
Caffeine consumption (mg/day) 
Cigarette smoking <1 pack /day 
Alcohol use <2 drinks /day 
Medication 0 

Values are mean + standard error. 


* Body fat based on skinfolds thickness. 
BP = blood pressure. 


reinjection of labeled cells; predrug measurements (2 
minutes); caffeine or placebo drink and drug absorption 
period (40 minutes); postdrug baseline measurements (2 
minutes); submaximal supine bicycle exercise (9 min- 
utes); recovery period (1 hour); and maximal exercise. 
The full protocol required approximately 3 hours. 
Measurements: Heart rate and electrocardiogram 
were recorded for l-minute intervals and BPs were 
measured by sphygmomanometry. Cardiac images were 
acquired for 2 minutes by standard multigated nuclear 
scintigraphy and analyzed for left ventricular volumes 
as previously described.'*:'4 Peripheral resistance index 
(dynes X s X cm~°/m?) was computed by dividing the 
mean BP by the cardiac index and multiplying by a 
conversion factor of 80. An exaggerated BP during ex- 
ercise was defined as systolic BP 2230 mm Hg and/or 
diastolic BP 2100 mm Hg at any workload. All cardio- 
vascular measurements were made at predrug, post- 
drug, preexercise baseline and during each stage of sub- 
maximal and maximal exercise. Blood samples were 


HEART RATE 


e—« Caffeine (C) 
o—o Placebo (P) 
+ p<0.01 
NS - Not significant 
n= 34 


PRE POST 100 200 
DRUG DRUG 


ERGOMETER WORKLOAD (kg*m/min) 


FIGURE 1. Heart rate (mean + standard error) responses to 
bicycle exercise were compared for caffeine (C) versus place- 
bo (P) days. Heart rate was obtained at the following; predrug 
baseline; 40-minutes postdrug; during 100, 200 and 400 kg 
X m/min workloads of exercise; and at maximal exercise 
(MAX). 
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drawn for determination of caffeine, cortisol and cate- 
cholamine concentrations at predrug, postdrug baseline 
and at the end of maximal exercise. 

Drug administration: Caffeine (3.3 mg/kg caffeine 
anhydrous; Amend Drug and Chemical) mixed with 6 
ounces of unsweetened grapefruit juice (Texsun) or the 
grapefruit juice alone as placebo was orally adminis- 
tered. 

Exercise protocol: [nitially, each subject performed 
supine bicycle exercise at workloads of 100, 200 and 
400 kg X m/min for 3 min/stage. These levels of exer- 
cise increased heart rate to 50 to 70% of the maximum, 
thus representing submaximal exercise. After 1 hour of 
rest each subject performed symptom-limited maximal 
supine bicycle exercise. This study reports data acquired 
at 100, 200 and 400 kg X m/min combined over the 
first and second exercise as submaximal exercise; maxi- 
mal exercise refers to the highest stage of the second 
exercise period achieved by each subject. 

Bioassays: Plasma caffeine concentrations were 
measured by high-pressure liquid chromatography!> 
and cortisol levels were analyzed by using radioimmu- 
noassay (Gamma Coat Kit, Diagnostic Products). Plas- 
ma catecholamine concentrations were quantitated by 
high-pressure liquid chromatography.!® 

Statistical analysis: The differences in cardiovascu- 
lar measurements between caffeine and placebo at rest 
were compared using analysis of covariance with repeat- 
ed measures. Caffeine and exercise effects on cardiovas- 
cular data during submaximal and maximal exercises 
were tested in a series of analyses of variance with re- 
peated measures. Caffeine effects on neurohormonal 
variables were compared at predrug baseline, postdrug 
baseline and at the maximal exercise level by the analy- 
sis of variance with repeated measures. Differences in 
the number of subjects who had a hypertensive response 


SYSTOLIC BLOOD PRESSURE 


e—- Caffeine (C) 
o—o Placebo (P) 
* p<0.01 
** p<0.001 
NS - Not significant 
n=34 


120 


PRE POST 100 200 300 400 
DRUG DRUG 


ERGOMETER WORKLOAD (kg*m/min) 


FIGURE 2. Systolic blood pressure (mean + standard error) 
responses to different levels of supine bicycle exercise were 
compared for caffeine (C) versus placebo (P) days. 
Abbreviation as in Figure 1. 


to exercise on placebo and caffeine days were examined 
by the chi-square test. A p value of <0.05 was statisti- 
cally significant. 


RESULTS 

Average plasma caffeine levels were <0.07 ug/ml 
on placebo days and predrug caffeine days whereas 
mean levels for caffeine days were 4.45 + 1.2 ug/ml at 
40 minutes postdrug, 4.43 + 0.9 ug/ml during submaxi- 
mal exercise and 4.69 + 0.9 ug/ml at the end of maxi- 
mal exercise. No significant differences in the measured 
cardiac parameters were found between the preexercise 
baselines for submaximal and maximal exercises on pla- 
cebo days. The duration of the maximal exercise stage 
was 15 + 1.7 minutes on the placebo day and 15 + 1.9 
minutes on the caffeine day. 

Predrug values of the cardiovascular variables were 
comparable on placebo and caffeine days (p >0.05 for 
each). Therefore, combined averages from both predrug 
baselines were used as covariates to control the influ- 
ence of initial values. 

At 40 minutes postdrug caffeine increased BPs and 
peripheral vascular resistance (p <0.001 for each) and 
decreased heart rate (p <0.01). Stroke volume index 
(45.3 vs 47.7 ml/m?), left ventricular ejection fraction 
(64 vs 65%) and cardiac index (2.69 vs 2.70 liters/min/ 
m2) were not significantly different between placebo 
and caffeine days. 

Hemodynamic measurements obtained for predrug, 
postdrug and exercise periods for placebo versus caf- 
feine days are shown in Figures 1, 2, 3, 4 and 5. Sub- 
maximal exercise significantly increased heart rate, BP, 
stroke volume, cardiac output and left ventricular ejec- 
tion fraction and decreased peripheral vascular resis- 
tance. Systolic and diastolic BP and peripheral vascular 
resistance were significantly higher on the caffeine day 


DIASTOLIC BLOOD PRESSURE 


-e Caffeine (C) 
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* p<0.01 
** 0<0.001 
NS — Not significant 
n=34 
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FIGURE 3. Diastolic blood pressure (mean + standard error) 
responses to different levels of supine bicycle exercise were 
compared for caffeine (C) versus placebo (P) days. 
Abbreviation as in Figure 1. 





(all p values <0.01) while heart rate, cardiac output, 
left ventricular volumes and ejection fraction responses 
were not significantly different at this time. 

Maximal exercise further increased heart rate, BP, 
stroke volume, cardiac output and left ventricular ejec- 
tion fraction and decreased peripheral vascular resis- 
tance compared with submaximal exercise. Caffeine’s 
effects on BP and vascular resistance were no longer 
apparent and none of the measured hemodynamic vari- 
ables were different between caffeine and placebo days. 
Nevertheless, we observed a statistically significant in- 
crease in the number of subjects who showed exagger- 
ated BP response to exercise from the placebo day (n = 
7) to the caffeine day (n = 15, p <0.02). 

Table II lists the neurohormonal effects of caffeine 
at rest and during maximal exercise. Mean plasma nor- 
epinephrine levels on caffeine day were marginally high- 
er 40 minutes postdrug than they were on placebo day 
(F = 3.79, p = 0.062). Plasma epinephrine concentra- 
tions at predrug baseline were undetectable for 20 of 
the 34 subjects. Therefore, we excluded predrug base- 


CARDIAC INDEX 


\/min/m2 \/min/m2 
7.0 12.0 


@—-® Caffeine (C) 
O—© Placebo (P) 
NS = Not Significant 
n= 34 
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FIGURE 4. Cardiac index (mean + standard error) responses 
to different levels of supine bicycle exercise were compared 
for caffeine (C) versus placebo (P) days. Abbreviation as in 
Figure 1. 


PERIPHERAL RESISTANCE INDEX dynessecm 2/m2 


1500 


dyne*s*cm~5/m2 


@—® Caffeine (C) 
O—© Placebo (P) 
+ p<0.01 
++ 9<0.001 
NS = Not Significant 
n=34 
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DRUG DRUG MAX 


ERGOMETER WORKLOAD (kgem/min) 


FIGURE 5. Peripheral vascular resistance index (mean + stan- 
dard deviation) responses to different levels of supine bicycle 
exercise were compared for caffeine (C) versus placebo (P) 
days. Abbreviation as in Figure 1. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 1, 1990 911 











] 

l 

Í 1 
n j 
i3 
Ea 
a 
i 
y 
E 
i 


a Ae EE TS TAN 












TABLE Il Comparison of Plasma Cortisol, Norepinephrine 
and Epinephrine at Predrug Baseline, Postdrug Baseline and 
Maximal Exercise on Placebo Versus Caffeine Days 











Predrug Postdrug Maximal Exercise 





P 11.4+0.7 





10.6 + 0.5 10.5 +40.5 
* * 






Cortisol 
(ug/ml) C 12.0 +40.7 13.6 + 0.7 13.5+0.7 
P 298 +24 245 +18 619 +541 
Norepinephrine 
(pg/ml) C 299 +30 296 +25 720 +761 
P — 72 +13 181 +28! 
Epinephrine t t 
(pg/ml) C — 96 +16 275 +33! 










Values are mean + standard error. 

* Significantly different between placebo (P) versus (C) caffeine (p < 0.05); t signifi- 
cantly different from predrug baseline (p < 0.001); + epinephrine levels on predrug 
baselines on both days were not available. 









line data and compared caffeine versus placebo day at 
postdrug baseline and at maximal exercise. Mean plas- 
ma epinephrine levels on the caffeine day showed a 
trend toward an increase versus placebo day at postdrug 
baseline (F = 3.16, p = 0.09). Maximal exercise in- 
creased epinephrine and norepinephrine significantly on 
both caffeine and placebo days (p <0.001). However, 
epinephrine levels on the caffeine day were significantly 
higher than on placebo day (p <0.01). Plasma cortisol 
levels became significantly elevated postdrug (p <0.05) 
only on the caffeine day; this elevation was sustained 
throughout maximal exercise. 


DISCUSSION 

This study examined caffeine’s cardiovascular and 
neurohormonal influences during exercise in healthy 
young men. Caffeine’s primary effect was to increase 
BP at rest by increasing vascular resistance. This in- 
crease in BP continued throughout moderate exercise 
and only disappeared at workloads >600 kg X m/min. 
Caffeine also increased cortisol and epinephrine at rest 
and during maximal exercise. Norepinephrine, however, 
was not significantly increased by caffeine alone. 

The pattern of results, in agreement with studies by 
Pincomb et al,*!? suggests that caffeine’s primary car- 
diovascular effect is enhancing vascular resistance, 
which is probably due to blockade of adenosine recep- 
tors. Studies by Smits et al!’:'* have shown antagonism 
between caffeine and adenosine, again showing that caf- 
feine’s pressor effect is probably caused by blockade of 
the adenosine receptors. Our finding of a marginal ele- 
vation in catecholamines at 40 minutes postcaffeine, at 
which time BP was significantly elevated, also suggests 
that sympathoadrenal system activation is not the pri- 
mary mechanism for caffeine’s pressor effect. There 
was an enhancement of epinephrine release by caffeine 
at maximal exercise where the pressor effect of caffeine 
was not present, which also suggests that epinephrine 
may play only an ancillary role in increasing BP. Stud- 
ies of caffeine in adrenalectomized patients have shown 
significant, though slightly attenuated, increases in 
BP,'° and Onrot et al% reported that caffeine increased 
BP in patients with autonomic failure, indicating that 
sympathetic activation is not a primary mechanism. An 
increase in cortisol on the caffeine day may indicate a 
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possible enhancement of the stress response by caffeine, 
even though it may not account for the pressor response. 

Recently, Hirsch,?! Piters2? and their co-workers re- 
ported no significant cardiovascular effects of caffeine 
during treadmill exercise in patients with coronary ar- 
tery disease. Our study of healthy normotensive persons 
showed not only that caffeine had a pressor effect at 
rest but that this effect was also maintained at work- 
loads up to 400 kg X m/min resulting in an additive 
increase in BP which was abolished only by the power- 
ful vasodilation effects of maximal exercise. The pres- 
ence of adrenergic and calcium-blocking medications in 
the patients studied by Hirsch?! and Piters?? may have 
attenuated possible cardiovascular effects of caffeine. 
Coronary artery disease may also have blunted the car- 
diovascular response, and differences in experimental 
design, age and number of subjects may also contribute 
to differences in results. 

One source of variation in caffeine’s effects may be 
due to tolerance to hemodynamic and neuroendocrine 
effects in chronic users. Some studies have suggested 
significant tolerance effects with repeated doses23; how- 
ever, a more recent study by Smits et al?4 has shown 
that hemodynamic effects of caffeine may be influenced 
by the residual plasma caffeine concentration, which in 
turn is a function of individual clearance rates. It is 
commonly found that caffeine equivalent to 2 to 3 cups 
of coffee produces significant hemodynamic effects in 
habitual users after 12 to 24 hours of abstinence.45:9:!0 
Our subjects abstained from caffeine consumption for 
12 hours before testing and we found significant re- 
sponses in systolic and diastolic BP that were not corre- 
lated with mg/day of habitual intake (r = 0.09 and 
0.19, respectively). This suggests that chronic tolerance 
to caffeine’s pressor effects does not occur with typical 
daytime consumption patterns. 

We have previously reported a caffeine-induced 
potentiation of cardiac output and contractility during 
mental stress after caffeine intake!°; however, such an 
effect is not apparent during exercise. Nevertheless, caf- 
feine’s ability to produce an additive increase in BP dur- 
ing exercise may be of clinical significance. While the 
increases in BP were not marked at the higher work- 
loads, the combination of caffeine and exercise pro- 
duced an excessively high BP (2230 mm Hg systolic 
BP and/or 100 mm Hg diastolic BP) in 44% of the 
subjects tested, which is more than twice the number 
showing such a response to exercise alone. This suggests 
that some people may be susceptible to the effects of 
caffeine and that they may wish to abstain from caffein- 
ated beverages before exercise. 
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strate the presence of ventricular thrombus or mural en- 
docardial plaques (which are considered to be due to 
organized thrombi) in up to 75% of cases.” Features of 
systemic embolization are common and may not have 
been suspected during life. Although autopsy data rep- 
resent a highly selected subgroup, retrospective studies 
in dilated cardiomyopathy suggest that clinically appar- 
ent embolism is common, occurring with an annual inci- 
dence of about 3.5%. ! 

Long-term anticoagulation with warfarin has been 
recommended to reduce the risk of embolization,!34 but 
this conclusion is retrospectively derived from selected 
patient groups and no data are available to estimate the 
risk-to-benefit ratio in an unselected population. It is my 
personal impression that many physicians are reluctant 
to prescribe long-term warfarin for their patients with 
dilated cardiomyopathy. For example, in a recent study 
only 6 of 40 patients with dilated cardiomyopathy were 
receiving anticoagulation.” The reluctance may be be- 
cause of a lack of convincing, prospectively derived data 
on the risk-to-benefit ratio. It may also stem from con- 
cern that anticoagulation may be more hazardous in 
this group of patients—in whom fluctuating degrees of 
hepatic congestion may result in changing warfarin re- 
quirements and an increased risk of bleeding.*’ 

In the past few years our knowledge of thromboem- 
bolism and its prevention after acute myocardial infarc- 
tion has greatly expanded. Important differences exist 
between thrombus formation in myocardial infarction 
and dilated cardiomyopathy. They will be discussed 
herein, as will possibilities for assessing and safely 
reducing thromboembolic events originating from the 
myopathic ventricle. 

A thrombus after acute anterior wall infarction al- 
most always forms in a dyskinetic area of the left ventri- 
cle and is probably caused by the interaction of regional 
intracavitary stasis with an area of thrombogenic in- 
farcted myocardium. Such thrombi are generally quite 
large, are easily visualized echocardiographically and 
are at high risk of embolization in the early weeks of 
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EDITORIAL 
me il æ a a 
A Plea for a Clinical Trial of Anticoagulation 
ie (o m 
in Dilated Cardiomyopathy 
Rodney H. Falk, MD 

ilated cardiomyopathy is believed to be a pre- infarction. After 3 to 6 months the embolic risk lessens 
disposing factor for stroke.! Autopsy studies and is generally considered small enough to make long- 
of hearts with dilated cardiomyopathy demon- term warfarin therapy unnecessary.?:! 


In contrast to acute myocardial infarction, the risk 
of embolization in dilated cardiomyopathy is fairly con- 
stant over time. The thrombi are primarily the result of 
intracavitary stasis of blood and do not require a throm- 
bogenic surface. Intracavitary stasis in dilated cardio- 
myopathy has been demonstrated by Doppler echocar- 
diography, which reveals abnormally low intracardiac 
flow velocities with markedly reduced or absent apical 
blood flow. This may account for the apical predilec- 
tion of left ventricular thrombi in this condition. Despite 
this predilection for the cardiac apex, thrombi are, how- 
ever, frequently located at other sites in the ventricle.? 
Unlike thrombi in chronic left ventricular aneurysm, 
which have a large area of attachment and are situated 
in an area relatively protected from the forces of intra- 
cavitary blood flow, those in dilated cardiomyopathy do 
not have the protection of the aneurysmal sac, and have 
a small area of attachment.'' Studies attempting to cor- 
relate the presence of echocardiographically visualized 
thrombus in dilated cardiomyopathy with signs of sys- 
temic emboli have generally found little association, al- 
though autopsy data indicate that thrombi are common- 
ly present.’ This suggests that the sensitivity of echocar- 
diography for thrombus detection in cardiomyopathy 
may be low, as a result of small size and varied location 
of the thrombi.!2-!4 

If stasis of blood alone is a less intense thrombogenic 
stimulus than stasis on a thrombogenic surface, then the 
implications for the prevention of thrombi in dilated 
cardiomyopathy are intriguing. It is possible that less 
intense anticoagulant therapy may be required, as in 
venous thrombosis. Recent data reveal that warfarin in 
a dose as low as 1 mg affects sensitive indicators of 
the coagulation process despite a normal prothrombin 
time.'° Two clinical trials attest to the efficacy of such 
“minidose” warfarin in reducing venous thrombosis. In 
a randomized trial of women undergoing major gyneco- 
logic surgery, 30% receiving no anticoagulation devel- 
oped postoperative deep vein thrombosis compared to 
9% of those who received perioperative warfarin at a 
fixed dose of 1 mg daily.'® In patients with indwelling 
catheters for total parenteral nutrition, warfarin in a 
dose insufficient to prolong the prothrombin time into 
the generally accepted therapeutic range markedly re- 
duced the risk of catheter-associated central venous 
thrombosis.'’ These 2 studies were carried out in pa- 
tients at risk of thrombosis due to low-flow states and 
suggest that other low-flow states might be responsive 


to doses of warfarin previously considered subtherapeu- 
tic. Based on our knowledge of thrombus formation in 
dilated cardiomyopathy, this disease may be such a con- 
dition. 

Because of the uncertainty of the risk-to-benefit ra- 
tio of warfarin in dilated cardiomyopathy, several inves- 
tigators!:!9.!2,18 have called for a prospective, random- 
ized trial of anticoagulation. In light of the intriguing 
preliminary data about the efficacy of minidose warfa- 
rin and its use in lowering the risk of hemorrhage, I 
believe this trial should consist of 3 arms: standard low- 
dose warfarin (prothrombin time measured by a stan- 
dardized North American rabbit brain thromboplastin 
test and kept at 1.3 to 1.5 times control), no therapy, 
and minidose warfarin in a fixed daily dose of 1 or 2 
mg. Detailed echocardiographic assessment of factors 
predisposing to thromboembolism should also be incor- 
porated with attention to intracardiac blood flow as- 
sessed by pulsed and color-flow Doppler? and with a 
careful search for thrombi in multiple views. 

Now that the risk of thrombus after myocardial in- 
farction can be reduced!? and optimal therapy against 
stroke in atrial fibrillation is being defined,” the time 
has come to assess prospectively the best method and 
greatest risk-to-benefit ratio to prevent the potentially 
devastating effects of embolism in patients with dilated 
cardiomyopathy. It is only through such trials that phy- 
sicians’ fears of the risks of long-term anticoagulation 
can be assuaged and that a scientific approach to this 
problem can be developed. 
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Variation in the Reflotron® Method of Cholesterol Measurement 
R. Craig Lefebvre, PhD, Paul Gubata, Ann Ronan, and Richard A. Carleton, MD 


T he availability of rapid dry chemistry desktop ana- 
lyzers has made cholesterol screenings increasingly 
popular in recent years. The report of the National Cho- 
lesterol Education Program’s Laboratory Standardiza- 
tion Panel states that these instruments are potentially 
useful for cholesterol screening and follow-up when 
sound internal and external quality control programs are 
implemented.' More recently, a National Heart, Lung, 
and Blood Institute Workshop on Blood Cholesterol 
Screening reinforced these recommendations, and under- 
scored the necessity for all screening programs to develop 
and implement quality control protocols.” 

The Reflotron® (Boehringer Mannheim) whole blood 
dry chemistry analyzer, in part because of its portability 
and ease of operation, has become one of the most com- 
monly used instruments in this setting. Several reports 
have documented the precision (reproducibility) of mea- 
surements with this instrument.*-> However, other re- 
ports have noted as much as a 10% underestimation of 
results when compared with the Centers for Disease Con- 
trol (CDC) standardized methods for cholesterol deter- 
mination. These data led to a revised calibration of the 
Reflotron cholesterol assay by the manufacturer to pro- 
vide closer comparability to the CDC reference laborato- 
ry.’ Another report has demonstrated that, in fact, the 
accuracy of the Reflotron has improved over time and 
across reagent lots.* However, lot-to-lot reagent accuracy 
is still a concern when considering use of this system for 
screening the general population. This article summa- 
rizes work with 8 more recent reagent lots. 

This study was conducted at 4 points in time over a 1- 
year period from October 28, 1987, to October 12, 1988. 
On each occasion, at least 1 reagent lot was ordered from 
the manufacturer. The 415 participants, who were re- 
cruited from ongoing cholesterol screenings that were 
held in both community and worksite settings, were men 
and women between the ages of 21 and 65. Venous blood 
samples were drawn from each participant by trained 
phlebotomists into sterile sodium-heparinized Vacu- 
tainer tubes. These venous samples were refrigerated 
and sent to the Lipid Metabolism Laboratory, Miriam 
Hospital, Providence, Rhode Island, within 24 hours of 
collection. This laboratory, which uses an enzymatic 
method for the quantification of cholesterol with the 
Gilford Impact 400 analyzer (Gilford Instruments), 
participates in the CDC Lipoprotein Standardization 
Program, and in other proficiency surveys including 
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supported in part by grant HL 23629 (Pawtucket Heart Health Pro- 
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Maryland. Manuscript received July 17, 1989; revised manuscript re- 
ceived and accepted September 1, 1989. 
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those of the College of American Pathologists and the 
Community Demonstration Studies’ “Freshlip.” Cap- 
illary blood samples were immediately collected by 
trained technicians using fingerstick technique and mea- 
sured with 1 or more reagent lots according to the manu- 
facturer’s instructions. 

The Reflotron is a reflectance photometer that mea- 
sures, on dry chemistry reagent strips, the concentration 
of a number of analytes in whole blood, plasma or se- 
rum. For the quantitative determination of cholesterol, 
each Reflotron cholesterol strip contains cholesterol es- 
terase, cholesterol oxidase, an indicator and a plasma 
separation system. A whole blood capillary sample is 
pipetted onto the test patch of the cholesterol strip where 
the erythrocytes are separated from the plasma. After 
the enzymatic cleavage of cholesterol esters, the free 
cholesterol and the indicator are oxidized. The indicator 
is oxidized to a blue dye, the concentration of which is 
determined by reflectance photometry. 

Variation of the Reflotron system across instru- 
ments, using the same reagent lot, has been shown to be 
<5 mg/dl (2.4%).° Thus, instrument precision is not the 
focus of this report. Multiple instruments were used in 
these studies. While this may increase any observed vari- 
ation between reagent lots and the reference laboratory 
values, the use of several instruments increases the gen- 
eralizability of these data to other instruments being 
used. 

Data from these tests are summarized in Table I and 
appear in the order the lots were received from the manu- 
facturer. Sample sizes for each reagent lot varied from 
35 to 63. Mean reference values for blood cholesterol 
ranged from 186 to 278 mg/dl. Reagent lots tended to 
underestimate the 278 mg/dl reference value by 1.8 to 
5.2%, although 1 lot showed a small positive bias (1.7%). 
Three lots, compared with lower reference values, over- 
estimated blood cholesterol by 1.7 to 6.8%. 

Table I also lists the results of comparing individual 
values from a specific reagent lot against those obtained 
by the standardized laboratory method. Table I uses a 
total error of + 8.9% from the reference value as the 
criterion for any single measurement. This figure repre- 
sents the maximum allowable error for an individual 
measurement when ideal precision and accuracy goals of 
<3% are met.' Reagent lots varied in their performance; 
71 to 100% of values fell within + 8.9% of the reference 
value for all participant samples. Inspection of these 
data shows that the 3 lots with the least bias were clearly 
superior in meeting the total error criterion. 

Various factors are known to affect the accuracy of 
blood cholesterol measurements whether they are con- 
ducted in laboratories, physician offices or screening set- 
tings. These include the analytic methodology itself (i.e., 
reagents, calibration procedures and instruments used), 
maintenance procedures, quality control programs, staff 


training, specimen collection and handling, reference ma- 
terials and the user’s commitment to quality perfor- 
mance.! In our studies, careful attention was given to 
adhering to the manufacturer’s protocol. Users who do 
not follow such protocols may expect even greater vari- 
ability in measurements than those reported here. In the 
Reflotron system, the calibration of the cholesterol assay 
is encoded by the manufacturer on magnetic strips at- 
tached either to the back of each reagent tab or on a 
separate strip in screening kits. Unlike other desktop ana- 
lyzers then, the Reflotron system cannot be recalibrated 
to correct for observed bias in the reagent tab lot. There- 
fore, careful attention must be given to the assessment of 
the accuracy of the calibration of each reagent lot both by 
the manufacturer and the end user. 

The data suggest that recent modifications of the cali- 
bration procedure by the manufacturer have resulted in 
increased accuracy of the Reflotron cholesterol method 
when compared with a CDC-standardized laboratory. 
The majority of lots do demonstrate accuracy well within 
the 5% limit set by the Laboratory Standardization Panel 
and, in the more accurate lots, 295% of individual values 
will fall within 8.9% of the reference value. 

These data, as well as other accuracy studies conduct- 
ed on both laboratory instruments and desktop analyzers, 
highlight the difficulties in achieving absolute accuracy 
for any cholesterol assay procedure. Six of the 8 reagent 
lots tested in this study met national standards for accura- 
cy. This demonstrates that the Reflotron is capable of 
acceptable performance. Yet some reagent lots have 
failed to meet the + 5% accuracy criterion. This warrants 
continued attention by the manufacturer to quality con- 
trol of reagent lot production, and to careful pretesting of 
each reagent lot by the user before it is used in screening 
settings. As also shown, reagent lots with greater accura- 
cy achieve substantially greater correspondence between 
individual measurements by the Reflotron and the refer- 
ence laboratory. While some users may argue that a + 
8.9% error is too large for screening or diagnostic pur- 
poses, this figure represents ideal conditions when meth- 
od accuracy and precision biases are quite low. Only 
technological improvements in lipid measurement will 
permit lower tolerance limits. In the interim, the present 
state of lipid measurement technology reinforces the ne- 
cessity for multiple measurements before diagnostic and 
treatment decisions are made for high blood cholesterol.* 





TABLE I Accuracy and Total Error of Eight Reflotron System 
Reagent Lots 


ReagentLot No. RFL Bias(%) +8.9%RV*(%) 
23419631 

23419231 

23419131 

23418231 

23447331 

23447631 

23448631 

23449231 

* Percent of individual values measured by the Reflotron that fall within the total 

error limits of the individual RV (see text). 


All values are expressed in mg/dl. 
RFL = Reflotron value for the specific reagent lot; RV = reference value established 


by a Centers for Disease Control-standardized laboratory. 


Finally, this report suggests that studies of lot-to-lot re- 
agent variability in other analytic systems should also be 
conducted. The users of other desktop analytic instru- 
ments (e.g., Abbott Vision, Eastman Kodak Ektachem 
DT60) must also pay particular attention to instrument 
calibration and make adjustments in calibration settings 
as indicated by their quality assurance protocols. It is only 
through high standards of quality assurance, both by 
manufacturers and users, that accurate blood cholesterol 
levels can be provided to the majority of the population 
interested in “knowing their number.” 
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Angiographic Evaluation of Vasomotor Properties 
of Internal Mammary Arteries Before and After 
Coronary Artery Bypass Grafting in Men 


Claude Hanet, MD, William Wijns, MD, Patrick Decoster, MD, Hubert Pouleur, MD, Robert Dion, MD, 


and Michel F. Rousseau, MD 


Ti internal mammary artery is considered the 
best available conduit for coronary artery bypass 
grafting.'~* The high long-term patency rate of mamma- 
ry artery grafts as opposed to saphenous vein grafts seems 
to result from favorable biologic properties that could 
protect this vessel against the atherosclerotic process. Re- 
cent studies have emphasized the role of endothelium in 
triggering or modulating mechanisms controlling the 
growth, metabolism and contractile status of smooth 
muscle cells.>-!° Endothelial cells produce 2 agents, 
prostacyclin and endothelium-derived relaxing factor 
(EDRF). Both are able to modulate the vasomotor tone 
and to prevent platelet adhesion and aggregation, which 
may be implicated in atherogenesis. Major differences, 
however, exist among different vessels in the amount of 
EDRF released in basal conditions, in the agents stimu- 
lating its production and in the sensitivity of vascular 
smooth muscle to that factor.*:!° Similarly, various areas 
of the vascular system are different in their ability to 
produce prostacyclin.'!!? Although laboratory experi- 
ments have demonstrated the potent role of endothelium 
in modulating the effects of vasoconstrictor agents in 
segments of internal mammary arteries obtained intra- 
operatively from patients,”!? the vasomotor response of 
human mammary arteries to pharmacologic constrictor 
agonists has not been studied in vivo. We evaluated the 
effect on internal mammary artery diameter of an intra- 
venous infusion of methylergometrine maleate, a power- 
ful constrictor agent, before and after grafting on the 
coronary vessels. Additionally, we tried to evaluate the 
vasodilator reserve of ungrafted and grafted mammary 
arteries by intraarterial infusion of isosorbide dinitrate. 

Nineteen men (mean age 58 years; range 41 to 69) 
were studied during diagnostic cardiac catheterization. 
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All cardioactive medications were discontinued at least 2 
days before the study. The characteristics of the patients 
are listed in Table I. Ten patients had undergone coro- 
nary bypass surgery 6 months before the study and were 
investigated in the context of a postoperative functional 
and angiographic follow-up study.'4 In these 10 patients, 
the left internal mammary artery in situ had been used 
with concomitant autologous saphenous vein grafts. The 
9 other patients were catheterized for evaluation of angi- 
na and had no history of cardiothoracic surgery. All 
patients gave their informed consent and completed the 
study without complications. 

The left internal mammary artery was selectively 
opacified by manual injection of a nonionic contrast 
agent (Iohexol). Injections were made through an 8Fr 
catheter in the 15° right anterior oblique projection in 
the basal condition and 2 minutes after intravenous in- 
Jection of 0.4 mg of methylergometrine maleate (Figure 
1). Two minutes later, 1 mg of isosorbide dinitrate was 
injected directly into the mammary artery and, 1 minute 
later, the last angiogram was recorded. Care was taken 
to maintain the x-ray system and the patient in exactly 
the same position during the sequential angiographic 
studies. 

In each patient, a proximal straight segment of the 
left internal mammary artery was selected on the 35-mm 
cinefilm for quantitative analysis. The same arterial seg- 
ment located in the center of the image intensifier field 
was analyzed on a selected end-diastolic cineframe of 
each of the 3 consecutive angiograms. The quantitative 
analysis was carried out with the help of a computer- 
based coronary angiography analysis system (CAAS, 
Pie Data Medical).'° Internal mammary artery diame- 
ters were measured using automated contour detection 
(Figure 2). The shaft of the catheter 2 to 3 cm away from 
the tip was used for calibration purposes. 

The data are reported as mean + standard deviation. 
A paired t test was used for comparisons of artery diam- 
eters measured before and after drug infusions. Compar- 


FIGURE 1. Time course of the study 
protocol. ERGO = ergometrine; ISDN 
= isosorbide dinitrate. 
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isons between groups were made using a Mann-Whitney 
U test. 

The effects of ergometrine and isosorbide dinitrate on 
the mean diameter of grafted and ungrafted mammary 
arteries are shown in Figure 3. 

At baseline, the mean diameter was significantly 
greater in grafted than in ungrafted arteries (3.41 + 0.36 
vs 2.97 + 0.39 mm, p <0.05). After ergometrine, a slight 
vasodilation was observed in all but 1 ungrafted artery 
(Figure 4) resulting in a significant increase in mean 
diameter (3.06 + 0.38 mm, p <0.05). After isosorbide 
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FIGURE 2. Automatically detected contours of the catheter used for calibration (A) and of the proximal segment of the left 


dinitrate, a further increase in diameter occurred in 6 
patients; the diameter of the vessel decreased in 2 and 
remained unchanged in I (mean 3.12 + 0.36; p <0.05 vs 
control). 

Grafted arteries showed no significant difference in 
mean diameter after ergometrine (3.39 + 0.37) but di- 
lated significantly after intraarterial infusion of isosor- 
bide dinitrate (3.60 + 0.37 mm; p <0.001 vs control and 
p <0.05 vs ungrafted arteries). The difference between 
minimal and maximal lumen diameter averaged 0.20 + 
0.14 mm for ungrafted and 0.25 + 0.14 mm for grafted 
af it BOT studu lii 
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internal mammary artery (B). In this example, the diameter of the 12.0-mm long arterial segment averaged 2.47 mm (range 


2.35 to 2.55; standard deviation 0.05 mm). 
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arteries (grafted vs ungrafted: difference not signifi- 
cant). 

Many follow-up studies have shown the superiority of 
the internal mammary artery over the saphenous vein 
graft.!-4 Major advantages of the mammary artery are its 
ability to increase its diameter over time in response to 
higher blood flow requirements!6-!17 and an incidence of 
atherosclerosis much lower than coronary arteries or sa- 
phenous vein or radial artery grafts implanted on the 
coronary vessels.®!8-1? Evidence has accumulated that 
favorable biologic properties of the internal mammary 
artery are responsible in part for its resistance against 
atherosclerosis. The greater capacity of its endothelium 
to produce prostacyclin'! and EDRF’ in both a basal and 
a stimulated state may be the biochemical mechanism 
underlying this greater resistance. These agents play a 
major role in the modulation of the vasomotor tone and 
are potent inhibitors of platelet function, both properties 
that may contribute to the protective role of the endothe- 
lium in preventing vasospasm and thrombus formation. 

Our study illustrates 2 favorable aspects of the vaso- 
motricity of internal mammary arteries. The first is the 
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absence of vasoconstriction (in grafted arteries) or the 
vasodilation (in ungrafted arteries) observed after ergo- 
metrine, an agent considered one of the most potent avail- 
able constrictors of both the normal and the stenotic 
coronary lumens.”°! The second is the existence in both 
grafted and ungrafted vessels of a vasodilator reserve, 
which is demonstrated by the increase in diameter after 
isosorbide dinitrate infusion. 

Ergot alkaloids constrict blood vessels by stimulating 
a-adrenergic and serotonergic receptors. Quantitative 
angiographic studies have demonstrated that the intrave- 
nous infusion of the 2 structurally related alkaloids, ergo- 
novine and ergometrine, was followed by a significant 
reduction in coronary artery diameter.2°-24 Our data 
show that, unlike coronary arteries, ungrafted internal 
mammary arteries vasodilate after ergometrine. Such an 
arterial dilation in response to ergometrine has been ob- 
served in isolated artery preparations and can be blocked 
by agents known to inactivate EDRF, but not by block- 
ade of serotonergic or a-adrenergic receptors.2> The net 
response of vascular smooth muscle to ergometrine is thus 
the result of direct constrictor effects and indirect endo- 


FIGURE 3. Effects of intravenous 
ergometrine (ERGO) and intraarterial 
isosorbide dinitrate (ISDN) infusion on the 
mean (+ standard deviation) diameter of 
internal mammary arteries (IMA) ungraft- 
ed or grafted on coronary vessels. * p 
<0.05 grafted vs ungrafted IMA. 
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FIGURE 4. Individual changes in the diam- 
eter of ungrafted and grafted internal 
mammary arteries after intravenous 
ergometrine and intraarterial isosorbide 
dinitrate infusion. See Figure 3 for statisti- 
cal comparison. Abbreviations as in Figure 
3. 
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thelium-mediated dilator effects. The vasodilation ob- 
served in ungrafted mammary arteries could therefore 
result from a more effective release of EDRF in response 
to ergometrine or from a lower a-adrenergic responsive- 
ness.2° In the case of mammary arteries grafted on coro- 
nary vessels, the situation is more complex because of the 
interaction between 2 different vascular systems with 
their own vasoreactivities. It is well known that incre- 
ments in flow through arteries, in situ or in vitro, induce 
vasodilation that can be abolished by removal of endothe- 
lium.” The primary factor of such flow-induced vasodila- 
tion has been shown to be EDRF. In mammary arteries 
grafted on coronary vessels, the basal level of EDRF 
activity is expected to be high in response to high blood 
flow requirements. A hypothesis that could explain the 
different responses of grafted and ungrafted mammary 
arteries to ergometrine is that the increase in coronary 
vascular resistance mediated by ergometrine and the re- 
sultant decrease in blood flow through the graft will at- 
tenuate this basal flow-induced release of EDRF, mask- 
ing the direct stimulating effect of ergometrine on EDRF 
secretion. 

After intraarterial infusion of 1 mg of isosorbide dini- 
trate, an increase in luminal diameter versus basal is 
observed in grafted (+6%) as well as in ungrafted (+5%) 
mammary arteries. The persistence of a vasodilator re- 
serve of mammary artery grafts suggests that the circum- 
ferential enlargement reported by several groups!®!” and 
confirmed in the present study is a real anatomic adapta- 
tion and that the vessel keeps its capacity to vasodilate to 
meet increased flow demand. 

The angiographic analysis system that we used has 
been shown to be a highly reliable tool for measuring 
arterial dimensions.? The short-term variability evaluat- 
ed in an additional group of 12 patients by repeated 
angiograms of the left internal mammary artery obtained 
3 minutes apart (mean difference 0.03 + 0.05 mm, differ- 
ence not significant) is low when compared to the changes 
observed after drug administration. Computer detection 
of the arterial borders eliminates the influence of poten- 
tially large intra- and interobserver variations. In addi- 
tion, possible sources of variations in angiographic data 
acquisition are minimized in our protocol. Thus, this 
technique seems appropriate for detecting small changes 
in vessel diameter that may occur in response to vaso- 
active drugs. 

In summary, the internal mammary artery seems to 
be protected against the constrictor influence of ergomet- 
rine. This phenomenon could be related to endothelium’s 
more effective role in modulating the contractile response 
of vascular smooth muscle. In addition, its vasodilator 
reserve, evaluated by response to nitrate infusion, is not 
altered after grafting on the coronary vessels. These fa- 
vorable vasomotor properties of internal mammary arter- 
ies could contribute to the superiority of these grafts over 
venous grafts in coronary artery bypass surgery. 
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Prevalence of Anticardiolipin Antibodies in Coronary Artery Disease 
Raffaele De Caterina, MD, Anna d'Ascanio, MD, Annamaria Mazzone, MD, Paolo Gazzetti, Walter Bernini, 


Rossella Neri, MD, and Stefano Bombardieri, MD 


O°: the past few years an association between 
thrombosis and antibodies to phospholipids has been 
detected.' Cardiolipin, a phospholipid extract of the bo- 
vine heart, is the most widely used antigen for such a 
demonstration, and practical methods to measure levels 
of anticardiolipin antibodies have become available. Vir- 
tually all types of venous and arterial thrombosis have 
been associated with anticardiolipin antibodies. Recently, 
their association with recurrent cardiovascular events in 
young survivors of acute myocardial infarction has been 
described,* suggesting possible involvement in coronary 
artery disease (CAD). However, their prevalence and 
significance in CAD are unknown. We studied a general 
population with CAD in order to assess the prevalence of 
antibody positivity in CAD compared with a normal pop- 
ulation; to investigate possible associations with indexes 
of severity of CAD or impairment of myocardial func- 
tion; to attempt a correlation with markers of platelet or 
thrombin activation as possible clues to their mechanism 
of action; and to assess their relevance for subsequent 
cardiovascular events during the course of a 2-year fol- 
low-up. 

We studied 119 consecutive patients admitted to 
CNR Institute of Clinical Physiology for evaluation of 
chest pain syndrome. All patients underwent coronary 
angiography and ventriculography and were enrolled in 
the European Concerted Action on Thrombosis Angina 
Pectoris Study to assess the predictive value of a series of 
hemostatic parameters to subsequent cardiovascular 
events. Activated partial thromboplastin time (aPTT) 
was performed on citrated plasma within an hour of 
blood sampling, using Manchester reagents and a man- 
ual technique. Blood was drawn with the Thrombotect 
anticoagulant (Abbott) for the assay of plasma ß- 
thromboglobulin and platelet factor 4, with the Mal- 
linckrodt anticoagulant (in 73 patients) for fibrino- 
peptide A. These tests were performed by radioimmuno- 
assays (Amersham, Abbott and Mallinckrodt, respec- 
tively*). Aliquots used for 8-thromboglobulin and plate- 
let factor 4 assays were also used to measure immuno- 
globulin G and immunoglobulin M anticardiolipin anti- 
body levels, the stability of which in assay conditions had 
been previously assessed.’ Anticardiolipin antibodies 
were measured by an enzyme immunoassay.’ Cardioli- 
pin (Sigma) was used at 50 ug/ml in ethanol, layered (25 
ul) in each of a 96-well polystyrene microtiter plate, and 
dried. For each assay, 15 plasmas in duplicate 100-ul 
samples, plus negative, positive and 6 normal control 
samples were incubated in the wells for 2 hours at room 
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temperature and washed 4 times. Then goat alkaline- 
phosphatase-labeled antihuman immunoglobulin G (di- 
luted 1:500) or antihuman immunoglobulin M (diluted 
1:250) was added. After overnight incubation, 100 ul 
paranitrophenylphosphate, 1 mg/ml, was added and 
plates were read after 30 minutes at 405 nm-wave length 
in a Titertek Multiskan (Flow). Results were expressed 
in immunoglobulin G or immunoglobulin M phospho- 
lipid units according to Harris et al’ Eighty-three 
healthy blood donors (60 men, 23 women, mean age 36.0 
+ 12.1 years, range 18 to 62) served as controls. Labora- 
tory performance for aPTT and platelet assays was 
checked in the quality control program of the European 
angina pectoris study; the performance for immunoglob- 
ulin G and immunoglobulin M antibody assay was 
checked at an international workshop.’ 

After coronary angiography (Judkins technique), an 
angiographic score was derived attributing 1 to 3 points 
to the left main, anterior descending, circumflex and 
right coronary arteries (1 = <50% stenosis; 2 = >50% 
stenosis without total occlusion; and 3 = total occlu- 
sion). One point was added for each quantifiable secon- 
dary branch with >50% stenosis. Ejection fraction was 
calculated planimetrically by computer analysis of ven- 
triculographic right anterior oblique projection. 

Clinical characterization of patients included strati- 
fication into classes of disease activity. Seventy-five pa- 
tients had stable CAD (stable angina with demonstration 
of myocardial ischemia on electrocardiogram Stress test 
+ previous myocardial infarction, or previous myocardi- 
al infarction alone); 29 had unstable CAD (unstable 
angina, with positive demonstration of ischemia at rest, 
spontaneous or induced); and 15 patients had nonisch- 
emic chest pain. This last category was comprised of 7 
subjects with atypical chest pain, 3 with valvular heart 
disease and 5 with cardiomyopathies. The frequency of 
assayable antibodies (>1 U), borderline positives (5 to 
10 U) and definite positives (>10 U) was compared in 
the normal and CAD groups by chi-square analysis. 
Correlations of the antibody levels for both immuno- 
globulin G and immunoglobulin M isotypes with age (in 
the normal and patient populations), and with aPTT, 
angiographic score, ejection fraction, B-thromboglobu- 
lin, platelet factor 4 or fibrinopeptide A (in the patient 
population) were performed by linear regression analy- 
sis. All patients were followed for 2 years to assess the 
occurrence of acute myocardial infarction or death, 
which were classified as being related or unrelated to 
CAD. 

Immunoglobulin G anticardiolipin antibodies were 
measurable in 43 of 83 (51%) normal subjects, in 50 of 
119 (42%) of the entire patient population, and in 45 of 
104 (43%) of patients with objectively proven CAD (dif- 
ferences not significant by chi-square analysis). When 
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measurable, levels were comparable in all groups (2.62 
+ 1.57 Uin normals; 2.67 + 1.63 U in the entire patient 
population; and 2.74 + 1.63 U in the CAD group), all 
differences were not significant. Immunoglobulin M 
antibodies were measurable in 4 of 83 normals (5%), in 6 
of 119 patients (5%), and in 6 of 104 (6%) truly ischemic 
patients. When measurable, levels were 2.11 + 0.97 in 
normals and 2.24 + 2.20 in patients (difference not sig- 
nificant). In no case were immunoglobulin G or immuno- 
globulin M antibodies >10 U. The normal population 
was significantly different in mean age compared to the 
patient population. However, there was no relation be- 
tween immunoglobulin G or immunoglobulin M levels 
and age in the populations studied (r <0.2, not signifi- 
cant for all groupings). Immunoglobulin G and immu- 
noglobulin M antibody levels did not correlate with 
aPTT, a possible hallmark of the presence of lupus 
anticoagulant (r = 0.25 and 0.43 in CAD patients, differ- 
ence not significant). The range for aPTT was 28 to 65 s 
(mean + standard deviation 42.6 + 6.0, 95% confidence 
limits for normal values in our laboratory 30 to 52 s). 
Five patients showed abnormal prolongation of aPTT 
>55 s, not corrected with the addition of normal plasma, 
suggesting the presence of lupus-like anticoagulant. All 
these 5 patients had assayable immunoglobulin G anti- 
bodies (mean + standard deviation 2.03 + 1.04), and 1 
had assayable immunoglobulin M antibodies. No par- 
ticular features of these patients compared to the others 
were identifiable. Comparing patients with different 
clinical CAD activity, immunoglobulin G antibodies 
were assayable in 36 of 75 patients in the stable group 
and 11 of 29 patients in the unstable group (mean levels 
2.52 + 1.35 and 3.33 + 2.29 U, respectively, difference 
not significant). Immunoglobulin M levels were also not 
significantly different. There were 8 deaths and 1 myo- 
cardial infarction during the 2 years of follow-up. These 
events were equally distributed between patients with 
immunoglobulin G-assayable levels (n = 5) and immu- 
noglobulin G-nonassayable levels (n = 4). Further clas- 
sification of the cause of death reduced the total number 
of events directly related to CAD to 4. One occurred in 
the immunoglobulin G-assayable group, and 3 in the 
immunoglobulin G-nonassayable group. Immunoglobu- 
lin G or immunoglobulin M antibody levels were not 
related to angiographic score (r = 0.03 and 0.24) or to 
ejection fraction (0.24 and 0.46) (difference not signifi- 
cant for both). Also, no relation was found with B- 
thromboglobulin or platelet factor 4, or with fibrinopep- 
tide A: for immunoglobulin G antibody, r = 0.12, 0.42 
and 0.17, respectively, all not significant. 

The report by Hamsten et al? of 62 young survivors of 
acute myocardial infarction showed that 21% of the pa- 
tients occasionally had, under repeated sampling, in- 
creased anticardiolipin antibody levels, and a large pro- 
portion of the latter had additional cardiovascular events 
during a period of 3 to 5 years. This report suggested that 
anticardiolipin antibodies may have prognostic relevance 
in CAD. However, the prevalence of increased levels in 
the general CAD population and their relation to ana- 
tomic and functional features of CAD were unknown.’ 


Our study shows that abnormally elevated immuno- 
globulin G or immunoglobulin M antibody levels are not 
common in a general unselected population with CAD. 
Low levels of antibodies were detected in 42% of our 
ischemic patients for immunoglobulin G and in 5% for 
immunoglobulin M, but these proportions are similar to 
those found in healthy subjects. The absolute level of 
measurable immunoglobulin G or immunoglobulin M 
antibodies in each patient was never high enough to be 
considered a significant risk factor. The 1988 Kingston 
workshop identified this limit for significance at 20 G- 
or M-phospholipid units, way above what we found in our 
patients. With such low levels, we were not able to find 
any correlation with indexes of CAD severity and of 
myocardial damage, or with independent markers of 
platelet or thrombin activation. 

Our study differs from the report of Hamsten et al? in 
several respects. First, our analysis included a general 
CAD population. Only 16 of our 104 ischemic subjects 
were <45 years old, but there was no evidence that youn- 
ger age or previous myocardial infarction is associated 
with a greater proportion of elevated antibody levels. 
Second, our study is limited to 1 evaluation at the time of 
angiography. It may be that elevations are present at 
other times during follow-up; however, if such were the 
case, the measurement would still lose much of its attrac- 
tiveness as an early marker of thrombosis or of some 
subset of CAD patients. Third, the number of important 
events (death + myocardial infarction) at our 2-year 
follow-up was very limited; most of the deaths were only 
indirectly related to CAD, and their relevance to our 
findings is questionable. Either a follow-up prolongation 
or an extension of the population studied could further 
clarify the issue. To justify such extensions one should, 
however, hypothesize relations of low-level positivity (in 
the order of 5 to 10 G- or M-phospholipid units) of anti- 
cardiolipin antibodies with subsequent cardiovascular 
events. Because low-level positivities are equally common 
in the normal population, the hypothesis is difficult to 
maintain. 

We conclude that single measurements of anticardio- 
lipin antibodies in the general CAD population are un- 
likely to yield diagnostically or prognostically important 
information. The implication of occasional significant in- 
creases in such antibodies in the CAD population, a rela- 
tively rare event, remains to be evaluated further prospec- 
tively. 
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Acute Intervention During Myocardial Infarction in Patients with Prior 


Coronary Bypass Surgery 


Kevin M. Kavanaugh, MD, and Eric J. Topol, MD 


te intervention with or without coronary 
angioplasty is becoming widely accepted as standard 
therapy for patients who present early with acute myo- 
cardial infarction. Thrombolytic therapy has been shown 
to improve left ventricular function! and reduce mortali- 
ty.* Nearly all clinical trials of myocardial reperfusion 
have excluded patients with a history of coronary artery 
bypass grafting. Furthermore, the only available data for 
the use of thrombolytic agents in this patient group con- 
sist of case reports of intracoronary thrombolytic agents? 
and a small series of intravenous thrombolytic agents.4 
There are no published data for the use of angioplasty or 
combined thrombolysis and angioplasty in patients with 
acute infarction after bypass surgery. Considering the 
increasing number of patients undergoing coronary ar- 
tery bypass grafting and their propensity for future cardi- 
ac events, important questions regarding the optimal 
treatment strategy for prior coronary artery bypass pa- 
tients come to bear. Accordingly, we reviewed our experi- 
ence in the treatment of patients after coronary artery 
bypass surgery in the setting of evolving myocardial in- 
farction. 

Records from the University of Michigan Cardiac 
Catheterization Laboratory were reviewed from January 
1, 1984, to December 30, 1987, and a database of pa- 
tients with a history of coronary artery bypass grafting 
and acute myocardial infarction was tabulated. Acute 
myocardial infarction was diagnosed when an episode of 
characteristic chest pain lasting >30 minutes was asso- 
ciated with a transient, temporally appropriate increase 
of the total serum creatine phosphokinase above the 
upper limit of normal with myocardial isoenzyme frac- 
tion greater than twice normal. Data were compiled re- 
garding the presence and type of standard electrocardio- 
gram tracings at the time of infarction. Details of acute 
interventions, when performed, were accumulated, in- 
cluding those concerning the infarct-related vessel and 
whether or not the patient was treated with thrombolytic 
agents, direct angioplasty or a combination of the 2. 
Status of the infarct-related vessel after intervention was 
also noted. Follow-up data regarding hospital dis- 
charge, repeat catheterization, exercise stress testing and 
the need for further intervention, including repeat bypass 
surgery, were also obtained. 

Data are expressed as mean + | standard deviation. 
A comparison of the efficacy of acute intervention as 
defined by infarct-related vessel patency after interven- 
tion was estimated by examining a cohort of patients 
who presented with acute myocardial infarction and had 
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no previous history of bypass surgery treated with 
thrombolysis and/or angioplasty in the Thrombolysis 
and Angioplasty in Myocardial Infarction-1 trial. Esti- 
mations of statistical significance were made using a chi- 
square test. 

As listed in Table I, 40 patients met the criteria 
delineated previously during the time frame stated. The 
time since coronary artery bypass was 6 + 3.5 years 
(range 2 months to 16 years). Age of the patients was 57 
+ 10 years (range 33 to 77); 31 of 40 were male (72%), 
Although all patients presented with symptoms consis- 
tent with acute myocardial infarction and subsequently 
ruled in by enzymatic criteria, only 21 of 40 (53%) had 
typical ST-segment elevation or new Q waves. The re- 
mainder presented with ST depression or nonspecific 
electrocardiogram changes, thus not allowing localiza- 
tion of the site of myocardial infarction by these means. 
Thirty-five of the patients (88%) underwent diagnostic 
cardiac catheterization within close temporal relation to 
the onset of their symptoms. Of these patients, the in- 
farct-related vessel could be reliably identified in 26 
(74%); 12 were native vessel occlusions (46%) and 14 
were saphenous vein grafts (54%). Left internal thoracic 
artery grafts were not present in any of our patients. 
Acute intervention was attempted in 20 of these patients 
in whom the infarct-related vessel could be ascertained. 
The time from onset of symptoms to intervention was 4 
+ 1 hours (range 2 to 6). 

Intravenous thrombolysis was only used in 4 (10%) of 
the patients (100 mg of recombinant tissue plasminogen 
activator in 2 cases, 1.5 million U of intravenous strepto- 
kinase in 1 case and 500,000 U of urokinase in 1 case) 
and was successful in establishing vessel patency in 3 
(75%). The infarct-related artery of the patient with 
unsuccessful reperfusion was a native right coronary ar- 
tery. Direct coronary angioplasty of the infarct-related 
vessel was performed in 9 patients (23%) and vessel 
patency was achieved in 7 (78%). The 2 unsuccessful 
coronary angioplasties were in saphenous vein grafts, 1 
to the left anterior descending artery and 1 to an obtuse 
marginal branch. Combined angioplasty and thrombo- 
lytic therapy (intracoronary urokinase or streptokinase) 
was performed in 7 patients and resulted in reperfusion 
in 6 (86%). The unsuccessful combined therapy was in a 
patient with a native right coronary as the infarct-related 
vessel. Angiographically demonstrable embolic compli- 
cations were not noted. The total success rate of all acute 
interventions in establishing infarct-related vessel paten- 
cy was 16 of 20 (80%). A similarly treated cohort of 
patients obtained from the Thrombolysis and Angio- 
plasty in Myocardial Infarction trials revealed a reper- 
fusion rate of 92% in 855 patients with native coronary 
artery thrombosis receiving thrombolysis and/or coro- 
nary angioplasty (p = 0.06). Of the patients not undergo- 
ing acute percutaneous intervention in this study, 2 had 
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emergency repeat coronary artery bypass grafting and 
the remaining 18 were treated medically. 

Four patients died in the hospital (10%). Two of 
these patients had been treated medically; 1 died during 
emergency repeat coronary artery bypass surgery and 
the other died during acute coronary angioplasty (with- 
out combined thrombolysis). The intermediate-term 
postdischarge outcome was available in 38 of 40 pa- 
tients. There were 4 deaths within the first 3 months, 3 in 
patients who had been treated medically and 1 by acute 
intervention with angioplasty only. Five patients had re- 
peat coronary artery bypass grafting, 2 of whom had 
been treated medically, 2 by angioplasty only and 1 by 
combined thrombolysis and angioplasty. Eight patients 
had further revascularization by coronary angioplasty. 
Three of the 4 patients treated by thrombolysis alone 
had angioplasty of a residual stenosis of the infarct- 
related vessel. Two patients from the group initially 
treated with combined angioplasty and thrombolysis 
had restenosis of the infarct-related artery of which one 


was successfully dilated. One other patient from the 
combined treatment group had a delayed angioplasty of 
a noninfarct-related artery. Two patients in the medical- 
ly treated group had delayed angioplasties; 1 was suc- 
cessful. Thus, 8 of 20 patients (40%) initially treated 
with acute intervention went on to have successful revas- 
cularization procedures after their acute infarct; 1 was 
lost to follow-up and 1 died. The remainder had patent 
infarct-related arteries at recatheterization or were 
asymptomatic clinically. 

The number of patients undergoing coronary artery 
bypass grafting with saphenous vein grafts has been 
steadily increasing.’ Considering that the rate of late 
graft occlusion is approximately 4%/year* and the yearly 
rate of myocardial infarction after coronary artery by- 
pass surgery is approximately 3%, the number of pa- 
tients at risk for these events continues to increase. Thus, 
this group of patients represents an increasing proportion 
of cases of acute myocardial infarction that may benefit 
from acute intervention. However, the experience on the 
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use of thrombolytic agents or angioplasty in these pa- 
tients remains very limited. 

This study reports our experience in patients after 
coronary artery bypass grafting in the setting of acute 
myocardial infarction. Although the number of patients 
available for review is small when compared to large scale 
clinical trials, it represents a large series of such patients 
reported to date. Furthermore, we report all such patients 
presenting to our institution regardless of whether or not 
an intervention was performed. 

We noted a limited ability of the standard electrocar- 
diogram to corroborate acute myocardial infarction and 
aid in ability to determine the infarct area. The prepon- 
derance of non-Q-wave myocardial infarcts in our study 
probably relates to either the finding that the infarct- 
related vessel is less likely to be a main epicardial artery!° 
or to the presence of collaterals. Thus, such infarcts are 
usually smaller in postcoronary artery bypass surgery 
patients.'' This observation may impede the ability to 
promptly intervene in these patients when they present 
with acute myocardial infarction. 

Furthermore, even with angiography the infarct- 
related vessel could not be reliably identified in a fairly 
large proportion of our patients. This phenomenon was 
due to the presence of >1 vessel occlusion or multiple 
discordant wall motion abnormalities. With our concern 
over patient safety intervention with direct angioplasty or 
intracoronary thrombolysis was not possible in this group. 

However, in our patients in whom the infarct-related 
vessel could be ascertained and acute intervention was 
performed, the results as assessed by vessel patency com- 
pared less favorably with a cohort of patients who never 
had bypass surgery. Although the lesions encountered in 
these patients may have been somewhat more “resistant” 
to thrombolytic therapy or angioplasty, there was yet a 
high degree of success. We did not encounter overt angio- 
graphic evidence of embolic complications as reported by 
others.'2 Furthermore, more definitive revascularization 
with redo surgery was then possible in many of these 





patients at a later date. The limited number of patients in 
our study preclude recommendations as to the general 
treatment of such patients. However, based on this expe- 
rience acute intervention in this setting is a viable option, 
albeit with a decreased reperfusion success rate, but with 
a potentially positive impact on the prognosis of these 
patients. There appears to be no legitimate reason to 
exclude this important group of patients from prospective 
reperfusion trials. 
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Effects of Verapamil on the Anaerobic Threshold and Peak Oxygen 
Consumption in Effort Angina Pectoris 


Andrew Thomson, MB, PhD, FRACP, and David T. Kelly, MB, FRACP 


he anaerobic threshold is the submaximal level of 

exertion above which lactic acid progressively accu- 
mulates in the blood and fatigue progressively increases 
during incremental exercise.':? The anaerobic threshold is 
a useful clinical measurement of submaximal exercise 
performance in normal subjects! and in patients with 
congestive heart failure,* angina pectoris? and valvular 
regurgitation,° and has been used to assess drug interven- 
tions.’ In patients with effort angina, ST-segment depres- 
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sion is reduced and exercise time increased after calcium 
antagonists.*.” If relief of myocardial ischemia by verapa- 
mil allows an improvement in peak oxygen consumption 
(VOopecak), there may also be an improvement in oxygen 
metabolism by exercising muscle and the anaerobic 
threshold may increase, delaying the onset of fatigue. 
This study determines whether verapamil alters the oxy- 
gen consumption (VQ>) at the anaerobic threshold, or the 
perception of leg fatigue in patients with effort angina 
pectoris. 

Sixteen patients with stable exertional angina pecto- 
ris and positive exercise tests (Bruce protocol with at 
least 1-mm horizontal ST-segment depression) entered 
the study. No patient had chronic lung disease, valvular 
regurgitation, clinical heart failure or peripheral vascu- 
lar disease. All patients gave written informed consent 


TABLE I Rest and Exercise Oxygen Consumption and 
Lactate Results 


Control Verapamil p Value 


Rest 
VO2 0.29 + 0.02 
Lactate 0.8 + 0.1 
Anaerobic threshold 
Patients 14 16 
Time (s) 751 +47 793 +50 
1.03 +0.06 
HR 1134 10345 
Work (watts) 6045 58 4 
Lactate 1.8 + 0.2 2.2 + 0.2 
Maximum exercise 
Time 1,180 +71 1,276 4+ 60 
VO 2peak 1.73+0.10 1.94+0.08 
Work (watts) 88 +6 97+5 
LACTmax 3.5+0.4 4.0 40.4 
MAXlactate 4.3+0.5 49+0.5 
HR = heart rate (beats/min); LACTmax = lactate at maximum exercise (mmol / 


liter); MAXlactate = maximum lactate including recovery period (mmol/liter); VO2 = 
oxygen consumption (liters / min); VO2 ea, = peak oxygen consumption (liters /min). 


0.31+0.03 
13+0.1 


VO2 1.03+0.07 





before entering the study. The mean age of patients was 
57 years (range 40 to 75), mean weight was 78 kg (range 
56 to 97) and mean height was 173 cm (range 163 to 
183). 

We familiarized patients with the exercise equipment 
and then asked them to cease all antianginal medications 
for at least 48 hours before testing; the exception was 
nitrates, which were ceased 12 hours before each test. On 
the first study day, patients performed an incremental 
exercise test without medication. Then they received ve- 
rapamil, 240 to 360 mg/day, according to side effects, 
until the protocol was repeated a week later. 

All studies were performed erect on a cycle ergometer 
(Siemens Elema 380B). After a rest period of 2 minutes, 
patients began unloaded pedaling for 4 minutes. The 
initial workload of 30 watts was then increased by 15 
watts at the end of each 3-minute stage until the patient 


CONTROL SH 
VERAPAMIL 


p<0.05 


(liters/min) 


OXYGEN CONSUMPTION 


REST ANAEROBIC MAXIMUM 
THRESHOLD EXERCISE 


EXERCISE LEVEL 


FIGURE 1. Oxygen consumption at rest, at the anaerobic 
threshold and at maximum exercise before and after 


verapamil. 








DY E 


TABLE II Hemodynamic and ST-Segment Results 


Control Verapamil p Value 


7443 68+3 <0.01 
135 4 12344 <0.01 
10.1 + 0.5 8.3+0.5 <0.001 
Onset of angina 
Patients 16 8 
Time (s) 794 + 68 829 +137 NS 
101 +8 NS 
174411 -NS 
18.1423 NS 


HR 116+5 

BP 189 +7 

RPP 22.2+1.7 
Onset of 1-mm ST depression 


Patients 16 11 
Time (s) 897 + 77 1,041 +76 <0.05 
HR 1195 11847 NS 
BP 189 +6 190 +6 NS 
RPP 22.6 41.3 226419 NS 
Maximum exercise 
13346 NS 
202 +46 197 +6 NS 
28.2 41.8 26.2+1.5 NS 


BP = systolic blood pressure (mm Hg); HR = heart rate (beats/min); RPP = rate 
pressure product (beats - min~! - mm Hg - 103). 


139 +6 


was limited by symptoms. Patients remained erect on the 
ergometer for 2 recovery stages. 

We used breath-by-breath respiratory gas analysis to 
measure rest, anaerobic threshold and peak gas ex- 
change parameters. At the end of each test the ratio of 
ventilation to oxygen consumption/breath (V, /VO>2) and 
the end-tidal fraction of expired oxygen were plotted 
graphically. The anaerobic threshold was determined by 
2 experienced blinded observers as the point above which 
there was a sustained increase in both V, /VO> and end- 
tidal fraction of expired oxygen in the absence of a 
change in the ratio of ventilation to carbon dioxide pro- 
duction.'!° VO- was calculated over 20 seconds and ex- 
pressed in liters/min. Venous blood for lactate analysis 
was sampled via an indwelling cannula in the cubital 
fossa. Patients were asked to rate angina and leg fatigue 
on a simple 0 to 5 point scale with 0 being no discomfort 
and 5 being the maximum symptom tolerable. 


CONTROL 
VERAPAMIL 


** p<0.001 


ANGINA 


LEG FATIGUE 


FIGURE 2. Angina and leg fatigue ratings before and after 
verapamil. 
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FIGURE 3. ST-segment depression at rest, at the onset of 
angina and at maximum exercise before and after verapamil. 


MAXIMUM 
EXERCISE 


Comparisons between control and verapamil results 
were performed using Student t tests. A value of p <0.05 
was considered significant. Group data are expressed as 
the mean + standard error. 

Rest VO} values were similar for control and verapa- 
mil. Rest heart rate (p <0.01) and rate pressure product 
(p <0.001) were lower after verapamil. ST-segment lev- 
els were similar (Table I). 

During the control study 2 patients were limited by 
chest pain before reaching their anaerobic threshold. The 
VO; (Figure 1) and work at the anaerobic threshold were 
not different after verapamil although lactate levels were 
slightly higher (p <0.05). 

All 16 patients experienced angina in the control test 
while only 8 experienced angina after verapamil. Heart 
rate, blood pressure and rate pressure product at angina 
tended to be lower after verapamil (Table IT). 

All patients had at least 1-mm of ST-segment de- 
pression in the control study while only 11 patients had 
at least 1-mm ST depression after verapamil. There was 
no change in the time to 1-mm ST depression, heart rate, 
blood pressure or rate pressure product at 1-mm ST 
depression after verapamil. 

The angina pain rating at maximum exercise was 
significantly reduced by verapamil (p <0.001), but in 
contrast the leg fatigue rating was increased significantly 
(p <0.001; Figure 2). VO2peax (p <0.02), lactate at maxi- 
mum exercise (p <0.05), peak lactate (including recov- 
ery) (p <0.05) and maximum work (p <0.05) were all 
significantly increased after verapamil, while maximum 
rate pressure product and ST-segment depression were 
significantly reduced (p <0.01; Figure 3). 

This study shows that in these patients with effort 
angina and significant ST-segment depression, neither 
the VO, nor the work at the anaerobic threshold was 
changed by verapamil. In contrast, the VOzpeak, maxi- 
mum work and peak lactate were significantly increased 
after verapamil. 
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While the order of testing may have contributed to the 
increased VO>,.a, after verapamil, there was no change in 
the VO; at the metabolic threshold, suggesting no change 
in peripheral oxygen metabolism at submaximal levels of 
exercise after this drug. Although vasodilators may im- 
prove the anaerobic threshold in patients with abnormal 
vasodilator reserves,’:'' the calcium antagonists nifedi- 
pine and diltiazem do not alter the anaerobic threshold 
in normal subjects!? or in patients with atrial fibrilla- 
tion.!? In patients with effort angina, nifedipine increases 
cardiac output at rest and during exercise, but there is no 
increase in exercising muscle blood flow and the excess 
cardiac output is redistributed to non-exercising tissues. !4 
Similarly, in this study, verapamil probably did not alter 
submaximal leg oxygen metabolism or blood flow, leav- 
ing the anaerobic threshold unchanged. 

All patients experienced angina in the control test 
while only 8 patients were limited by chest pain in the 
verapamil test. The degree of angina rated by patients 
was significantly lower after verapamil and leg fatigue 
was significantly increased. The increased leg fatigue af- 
ter verapamil may be attributed to the higher maximal 
work level, the higher lactate and therefore the higher 
level of anaerobic metabolism achieved after this medica- 
tion rather than a change in the threshold for anaerobic 
metabolism. The anaerobic threshold was the same 
whether the patient was limited by angina or not. 

The VOd eax and VO) at the anaerobic threshold are 
both submaximal measurements of oxygen consumption 
as patients are limited by symptoms before a true plateau 
of maximal VO) is reached. In these patients, the increase 
in VO2peak after verapamil reflects improvement in limit- 
ing symptoms, whereas the lack of change in VO; at the 
anaerobic threshold reflects no change in the exercising 
muscles’ supply of or ability to use oxygen. The measure- 
ment of the anaerobic threshold may be a useful submaxi- 
mal measurement of fitness in patients with angina pecto- 
ris, particularly as it does not appear to be changed by 
calcium antagonists, or altered by the presence or absence 
of angina. In contrast, the VO2peak is subject to variable 
symptom relief. 
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Increase of Plasma Beta Endorphins in Vasodepressor Syncope 


Gian Piero Perna, MD, Umberto Ficola, MD, Mauro Pellegrino Salvatori, MD, Mario Stanislao, MD, 
Carlo Vigna, MD, Alessandro Villella, MD, Aldo Russo, MD, Raffaele Fanelli, MD, 
Pier Giuseppe Paleani Vettori, MD, and Francesco Loperfido, MD 


asodepressor syncope pathophysiology has not 
been definitively elucidated. Although it is common- 
ly accepted that vasodepressor syncope is consequent to 
primary peripheral vasodilation, other factors, such as 
failure of reflex-mediated compensatory increases in car- 
diac rate and output, may also be involved.' Beta endor- 
phins have an inhibitory effect on the sympathetic dis- 
charge.*~* To investigate the role of endogenous opioid 
peptides in precipitating syncopal episodes, we assayed 
plasma ĝ endorphin activity in patients with vasodepres- 
sor syncope. 
Five patients were examined. There were 4 males and 
1 female, with ages ranging from 12 to 31 years. All 5 
patients were apparently healthy. Syncope had been pre- 
cipitated by hunger in 2 subjects and occurred immedi- 
ately after a maximal graded bicycle stress test in the 
other 3. All syncopal episodes occurred between 8 AM. 
and 10 aM. and lasted between 4 and 12 minutes. Brady- 
cardia was present in all patients during syncopal epi- 
sodes. Two blood samples were drawn: the first was 
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obtained during fainting and the second in the resting 
state 24 hours later (basal value). As a control, we ex- 
amined 8 normal male volunteers, with ages ranging 
from 18 to 22 years. In these subjects, blood samples 
were drawn 3 minutes after a well-tolerated maximal 
bicycle stress test, performed at 9 am., and 24 hours 
later. Beta endorphins were assayed using a 2-step high- 
ly specific procedure (INCSTAR plasma 6 endorphin by 
radioimmunoassay). The first step was chromatograph- 
ic extraction and concentration of 8 endorphin; the sec- 
ond was radioimmunoassay using an antibody with a 
high affinity for 8 endorphin and a cross-reactivity <5% 
for 8 lipotropin and <0.01% for other peptides. Beta 
endorphin levels are expressed in pmoll/liter. Results 
were analyzed by 1-way analysis of variance for paired 
and unpaired data. 

In the 5 study patients, plasma ß endorphin activity 
was very high during syncopal episodes (46.32 + 11.74 
pmol/liter) compared with either basal activity in the 
same subjects (3.7 + 1.45 pmol/liter; p <0.00004) or 
with plasma levels found immediately after exercise in 
control subjects (9.5 + 1.14 pmoll/liter; p <0.0001). Bas- 
al plasma ß endorphin activity in control subjects was 
3.94 + 1.2 pmol/liter (difference not significant vs basal 
value in patients with syncope) (Figure 1). 


Controls 
(8) 


Postexercise 
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Plasma 6 endorphin activity was unusually high in our 
patients during vasodepressor syncope. It reached a value 
previously reported only in patients with septic shock. 
The pathophysiology of vasodepressor syncope is very 
complex. In the early phase, primary peripheral vasodila- 
tion probably predominates; subsequently, other mecha- 
nisms may be involved, such as lack of compensatory 
increase in cardiac rate and output, impairment of venous 
constriction and reflex-mediated vasodilation of skeletal 
muscle bed.' Inhibition of the neuroadrenergic system 
may be an important factor. In fact, vasodepressor syn- 
cope can be experimentally induced by sudden interrup- 
tion of sympathetic discharge.> Moreover, norepineph- 
rine activity does not increase during vasodepressor syn- 
cope.® 

Endogenous opioid peptides may inhibit the sympa- 
thetic system either centrally or peripherally.?47-8 More- 
over, endorphins may have a negative inotropic and 
chronotropic cardiac influence, reduce reflex discharge of 
cardiac or peripheral receptors, and exaggerate the re- 
sponse of J pulmonary receptors.%478 In our study, no 
independent measure of sympathetic activity was ob- 
tained. We also did not examine the effect of administra- 
tion of naloxone or other opioid antagonists on the occur- 


rence of syncope. However, the fact that hunger, fatigue 
and painful stimulation may induce vasodepressor syn- 
cope,' as well as modify plasma 8 endorphin activity,?-!9 
suggests some link between opioid peptides and vaso- 
depressor syncope. This is supported by our data. Wheth- 
er increase of plasma 8 endorphins during vasodepressor 
syncope is a primary etiologic event or a secondary phe- 
nomenon warrants further investigation. 
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Paradoxical Increase in Heart Rate Before Conversion to Sinus 
Rhythm in Patients with Recent-Onset Atrial Fibrillation 


Anne A. Knowlton, MD, and Rodney H. Falk, MD 


Roton atrial fibrillation (AF) has a high inci- 
dence of spontaneous conversion to sinus rhythm, 
even if the ventricular rate is not slowed by pharmacolog- 
ic means.’ In a study of the effects of digoxin in patients 
with recent-onset AF, Weiner et al? noted that the pulse 
rate before conversion to sinus rhythm did not differ 
significantly from that before digitalization. These data 
were based on hourly pulse rate measurements and did 
not take into account changes over a smaller time period. 
As part of a randomized double-blind study of the effect 
of digoxin in recent onset AF,! we performed Holter 
monitoring. The present study describes our finding of a 
paradoxical increase in the ventricular response to AF 
occurring shortly before reversion to sinus rhythm in a 
subgroup of patients. 

The design of the study from which this subgroup of 
patients is drawn has been previously described.! Briefly, 
36 patients presenting with AF of <7 days’ duration, 
without clinical evidence of heart failure, were treated 
with oral digoxin solution in capsules (Lanoxicaps, Bur- 
roughs-Wellcome) or placebo. Echocardiography con- 
firmed normal (>24%) or minimally impaired fraction- 
al shortening (20 to 24%) in 31 and 5 patients, respec- 
tively. Patients received an initial dose of 0.6 mg of 
Lanoxicaps followed by 0.4, 0.2 and 0.2 mg at 4, 8, 12 
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and 16 hours, respectively, or until conversion to sinus 
rhythm. This is equivalent to 0.75, 0.5, 0.25 and 0.25 mg 
of standard oral digoxin tablets.; Patients receiving di- 
goxin, B blockers, calcium antagonists or antiarrhythmic 
agents were excluded from study. All patients were hos- 
pitalized and activity was minimized with patients gen- 
erally confined to bedrest for the study period. 

Before digitalization, a Holter monitor was applied 

and a recording was taken for 18 to 24 hours or until 
reversion to sinus rhythm. To examine more carefully 
the effect of digoxin on heart rate, minimum, maximum 
and mean heart rates and total QRS complexes were 
analyzed every 15 minutes (rather than hourly) by a 
visual and computerized scanning system of validated 
accuracy for use in clinical studies (Cardio-Data Sys- 
tems). If patients remained in AF after 18 hours the 
study code was broken. In those who had received place- 
bo, Lanoxicaps were prescribed in the same doses al- 
ready described, again with continuous Holter monitor- 
ing. 
To determine digoxin’s onset of action, mean heart 
rates for each 15-minute interval were compared to base- 
line in all patients studied (convertors and nonconver- 
tors). Statistical analysis of heart rate response to di- 
goxin versus placebo was performed by analysis of vari- 
ance and paired t tests; a p value <0.05 indicated 
Statistical significance. 

The mean heart rate at entry into the study was 117 + 
6 beats/min. In patients remaining in AF who received 


placebo there was no significant heart rate slowing in any 
15-minute period compared to baseline. In those receiv- 
ing digoxin the heart rate began to show Statistically 
significant slowing 5.25 hours after the first dose of 
digoxin (mean heart rate 107 + 5 beats/min, p = 0.025 vs 
baseline) and remained significantly slower thereafter. 
Based on these observed effects of digoxin on ventricular 
rate, subjects receiving digoxin were divided into those 
converting before the onset of ventricular slowing at 5 
hours (group A, n = 8) and those converting after 5 
hours (group B, n = 9). 

The mean time to conversion in group A was 1.1 + 0.4 
hours and in group B it was 13.8 + 1.9 hours. There was 
no alteration in ventricular response to AF compared to 
baseline rates in group A patients. In contrast, group B 
patients had a significant decrease in mean heart rate by 
1 hour before conversion (113 + 7 to 94.5 + 6 beats/min, 
p <0.005) but this increased to baseline levels (109 + 7 
beats/min) in the 15 minutes before conversion (15 min- 
utes before conversion vs baseline difference not signifi- 
cant; 15 minutes before conversion vs I hour before con- 
version p <0.005). The heart rate responses of the indi- 
vidual patients in group B, as well as the mean response 
of this group, are shown in Figure 1. 

It is now generally accepted that digoxin’s major ef- 
fect in slowing heart rate in AF is mediated by the vagus 
nerve.*> Two possible mechanisms exist, although it is 
not clear which predominates. By increasing the func- 
tional refractory period of the atrioventricular node the 
minimum RR interval of conducted beats will be length- 
ened. In addition the increase in the atrial rate produced 
by digoxin may increase anterograde concealed conduc- 
tion in the atrioventricular node, thereby increasing the 
median RR intervals. Meijler et al noted that rate slow- 
ing in AF after digitalization resulted more from an in- 
crease in the number of long RR intervals than from a 
reduction in very short RR intervals.° They therefore 
concluded that digoxin predominantly acts by increasing 
concealed conduction. 

Our observations lend support to those of Meijler et al 
and suggest that concealed conduction may be of prime 


FIGURE 1. Heart rates in the 9 patients 
remaining in atrial fibrillation for >5 hours 
after the first digoxin dose. There is a 
slowing of ventricular response from base- 
line to 60 minutes before resumption of 
sinus rhythm, with a paradoxical increase 
in rate in the 15 minutes before conver- 
sion. Mean values for the group are shown 
by interrupted line and open circles. The 
decrease in heart rate from baseline to 1 
hour preconversion is statistically signifi- 
cant (p <0.005) as is the increase between 
60 minutes preconversion to 15 minutes 
preconversion (p <0.005). There is no sta- 
significant difference between 
baseline and 15 minutes preconversion. 
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importance. If the predominant rate-slowing effect of 
digoxin was to increase the refractory period of the atrio- 
ventricular node, then the rate increase observed in our 
study before conversion to sinus rhythm would be diffi- 
cult to explain because the functional refractory period of 
the node would have to have spontaneously decreased. 
However, if an increase in atrial rate induced by digoxin 
was the predominant factor resulting in the decrease in 
ventricular response, an increase in ventricular rate might 
be expected if there was increasing organization of atrial 
impulses before resumption of sinus rhythm. Evidence 
that atrial activity does organize and atrial rate decreases 
before return from AF to sinus rhythm has been demon- 
strated both in animals® and in humans,’ thus lending 
credence to this hypothesis. 

Based on our data, we suggest that the observed in- 
crease in heart rate before resumption of sinus rhythm in 
digitalized patients with AF is due to a reduced number 
of fibrillatory waves as atrial activity begins to organize 
spontaneously. This decrease in atrial rate counteracts 
the vagally mediated effect of digoxin on the atrium, 
resulting in a return of ventricular response toward the 
level before digoxin. It is more difficult to explain why the 
patients who had received a dose of digoxin inadequate to 
slow their ventricular response did not manifest a precon- 
version rate increase, because similar atrial organization 
presumably occurs. One explanation might be that the 
preconversion decrease in atrial rate is relatively greater 
in the clinically digitalized group (as the atrial rate has 
initially been increased by the digoxin) so that the result- 
ing changes in ventricular response are also greater. In 
contrast, in the nondigitalized patients a small increase in 
ventricular rate may have been masked by the variation 
in heart rate characteristic of AF. 

While this study is limited by the small number of 
patients and the lack of invasive documentation of atrial 
electrograms, we believe that our observation is real and 
correlates with other indirect postulates of digoxin’s ac- 
tion in AF. Further animal studies of the relative contri- 
bution of alteration of atrial rate versus increased atrio- 
ventricular node refractory period (e.g., by selective 
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vagotomy of the artrioventricular node) may shed light 
on the mechanism of the negative chronotropic action of 
digoxin in AF, which is still being debated after more 
than 200 years of clinical use. 
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Efficacy and Safety of ACC-9358, a New Antiarrhythmic Agent 


Steven N. Singh, MD, Margaret Shand, RN, Liping Feng, RN, Yiwang Chen, MD, 
Raymond L. Woosley, MD, PhD, and Ross D. Fletcher, MD 


CC-9358 (4-hydroxy-N-phenyl-3,5-bis [1-pyrro- 
lidinylmethyl] benzamide) is a new antiarrhythmic 
compound that has undergone extensive preclinical eval- 
uation.!~> In this study we examine the safety and effica- 
cy of ACC-9358 in patients with high-density ventricular 
premature complexes (VPCs). 
The study population consisted of 6 men aged 55 to 
79 years (mean 68) with a history of chronic, high- 
frequency VPCs (>60 on each of 24-hour Holter moni- 
toring). Three patients had a documented history of sys- 
temic hypertension and 3 had coronary artery disease. 
All patients were admitted to the coronary care unit and 
antiarrhythmic medication was discontinued for at least 
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FIGURE 1. Comparison of ventricular premature complexes 
(VPCs)/hour between placebo and ACC-9358 infusions. —3 = 
baseline; O = end of 3 hours placebo and ACC-9358 infu- 
sions; 3, 6, 10 = third, sixth and tenth hour after end of 
infusions, respectively. * p <0.006; t p = 0.01. 
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4 half-lives. No food or drink (except water) was al- 
lowed from midnight until the morning of the screening 
phase study day. On this day routine laboratory tests 
and glucose-6-phosphate dehydrogenase activity were 
taken. Standard | 2-lead electrocardiogram and 24-hour 
ambulatory recordings were made. A medical history 
and physical examination were obtained. Patients with 
clinically significant abnormal laboratory value(s), glu- 
cose-6-phosphate dehydrogenase deficiency, severely 
impaired renal or hepatic function, unstable angina and 
New York Heart Association grade III or IV congestive 
heart failure were excluded from the study. 

One day of placebo treatment (5% dextrose in water) 
followed by another day of ACC-9358 was administered 
to each patient in a single-blind manner. Patients were 
allowed at least 30 minutes of rest in the supine position 
before beginning a 1-hour baseline arrhythmia period. 
During this baseline observation period on each treat- 
ment study day placebo (50 ml/hr) was administered. 
After the baseline arrhythmia period ACC-9358 or pla- 
cebo infusion was administered continuously for 3 hours. 
The total dose of ACC-9358 was delivered in the follow- 
ing serial infusions: 0.5 to 1.25 mg/kg for 30 minutes 
followed by 0.7 to 1.75 mg/kg for 60 minutes and 0.8 to 
2.00 mg/kg for 90 minutes. Immediately after the dis- 
continuation of ACC-9358 or placebo intravenous infu- 
sion placebo was started at a rate of 50 ml/hr..A washout 
period continued for 72 hours after ACC-9358 infusion 
and 24 hours after placebo infusion. During each period 
electrocardiographic (lead V5) monitoring, 24-hour con- 
tinuous recordings, 6-second rhythm strips (50 mm/s), 
blood samples, vital signs and urine samples were ob- 
tained. All data were expressed as the mean + standard 
deviation. Paired t test was used to determine the differ- 
ence between paired data. A pvalue <0.05 (2-tailed) was 
considered adequate for rejection of the null hypothesis. 

The frequency of VPCs/hr of individual patients is 
listed in Table I. Combined frequency for all patients 
during baseline arrhythmia period, at the end of 3-hour 
ACC-9358 or placebo infusion and at the third, sixth 
and tenth hour after end of infusion is shown in Figure 1. 
VPCs at baseline (846 + 414/hr) were reduced to 15 + 
14/hr with ACC-9358 (p = 0.004), paired VPCs were 
reduced from 38 + 17 to 3 + 6/hr (p <0.01), and ventric- 
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ACC = ACC-9358; Pla = placebo. 


ular tachycardia events were reduced from 2 + 3/hr to 
0.5 + 1.2/hr (difference not significant) at the end of 
infusion and remained significantly suppressed at the 
third hour (55 + 91, p <0.01) after discontinuation of 
ACC-9358 infusion. In contrast, placebo infusion had no 
effect on VPC frequency. Differences in VPC frequency 
between placebo infusion and ACC-9358 infusion were 
statistically significant at the end of 3-hour infusions 
(693 + 356 vs 15 + 14, p <0.006) and at the third hour 
after discontinuation of infusions (569 + 396 vs 55 + 91, 
p = 0.01). 

A representative log dose-effect curve is shown in 
Figure 2. The concentrations of ACC-9358 required to 
reduce 90% of VPCs were 0.21 to 0.42 ug/ml. 

Hemodynamic and electrocardiogramic parameters 
were evaluated at baseline and at the end of 3-hour 
ACC-9358 infusions (Table II). Heart rate and blood 
pressure remain unchanged. PR, QRS and QTc intervals 
increased by 43, 31 and 25 ms respectively after ACC- 
9358; the increase in PR interval was the only statistical- 
ly significant change (p <0.03). JTc was unchanged. 

One patient complained of dizziness, a warm sensa- 
tion in his mouth and palpitations with an increase in 
heart rate from 73 to 92 beats/min and another patient 
complained of mild drowsiness. These side effects were 
tolerated. 
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FIGURE 2. A representative (patient num- a 
ber 3) relation of % ventricular premature = 
complexes (VPCs) suppression and log on 
concentration (ug/ml) of ACC-9358 during 3 
infusion and washout. S 
al 





TABLE Il Effects of ACC-9358 on Hemodynamic and 
Electrocardiographic Parameters 


Baseline ACC-9358 


Hemodynamics 














Heart rate (beats /min) 74411 77 +13 

Systolic blood pressure (mm Hg) 129 + 12 136 + 10 
Electrocardiographic 

PR interval (ms) 163 + 32 206 + 46* 

QRS duration (ms) 85+8 116+ 32 

QTc interval (ms) 431+ 28 456 + 26 

JTc inerval (ms) 343 + 34 340 + 27 


* p <0.03 compared with baseline. 
Data are mean + standard deviation. 


Based on prior in vivo and in vitro studies ACC-9358 
appears to be a fast sodium channel-blocking agent with 
properties resembling other agents in the Ic category.>4 
The results of this study showed that ACC-9358 in a total 
dose of 2 to 5 mg/kg over a 3-hour intravenous infusion 
was extremely effective in suppressing VPCs in patients 
with high frequency ventricular arrhythmia. VPCs were 
>90% suppressed for 4 to 6 hours at plasma concentra- 
tion 0.25 to 1.12 ug/ml. The relation between ACC-9358 
concentration and %VPCs suppression showed indirectly 
that ACC-9358 may not have an active metabolite and its 
response may well be predicted by its concentration. Sim- 
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ilar reduction in VPC frequency was reported by Pavlou 
et al.* They° found that VPCs were suppressed 290% for 
2 to 3 hours in all 6 patients at 0.53 to 1.35 ug/ml plasma 
concentration when compared to placebo period. In a 
preclinical study Brown et al? reported that ACC-9358 
terminated ouabain-induced ventricular tachycardia in 
dogs and also significantly suppressed VPCs induced by 
coronary artery ligation. 

In this clinical trial the blood pressure and heart rate 
were not significantly changed, nor was there any clinical 
evidence of heart failure. Although the mean of QRS 
duration was prolonged 36% after ACC-9358 infusion, 
the difference was not statistically significant. This may 
be due to a small sample size. However, the PR interval 
was significantly prolonged as shown previously. 

Two of 6 patients complained of palpitations or 
drowsiness. However, these side effects were well tolerat- 
ed, and no patient discontinued ACC-9358 treatment 
during the infusion. Our results are limited by the small 
number of patients tested. However, the suppression of 
VPCs is extremely consistent in all 6 patients. Despite the 
increased mortality seen with encainide and flecainide in 
the Cardiac Arrhythmia Suppression Trial study* there is 
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still a place in therapy for agents with Ic characteristics 
for the treatment of patients with life-threatening ar- 
rhythmias and symptomatic arrhythmias. ACC-9358 
may be extremely useful in the treatment of warning 
ventricular arrhythmias associated with acute myocardi- 
al infarction and needs evaluation in this setting. Thus, 
this study indicates that ACC-9358 appears to be a po- 
tent and well-tolerated new antiarrhythmic drug that ap- 
pears promising and deserves future testing. 
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ystems do the same thing. 


False alarms. They’re one of the 
most frustrating things about 
most telemetry systems. 


The reason for this annoying 
problem is simple: the very high 
frequency (VHF) signal most 
systems transmit is disrupted by 
electrical noise and interference. 
Hewlett-Packard has the solution. 


You see, HP’s Digital Ultra High 
Frequency (UHF) Multi-Lead 
Telemetry System transmits ECG 
signals with 50 times the power 
of digital VHF. And digital trans- 
mission verifies the accuracy of 
the data. The result is fewer 

false alarms and algorithm ac- 
curacy approaching hardwired 
monitoring. 





The transmitter is small, 
lightweight and water resistant. 


In addition, our dynamic UHF 
antenna system filters out 
extraneous noise and artifacts 
and detects weak signals. 

This reduces signal drop-out 
and produces more accurate 
arrhythmia monitoring. 


And our telemetry system inter- 
faces with Hewlett-Packard’s 
extensive line of central stations 
and patient monitoring systems 
and can be easily expanded. 


What’s more, HP ACCOMPLISH 
Customer Support assures you 
of the value of your investment.* 
Which makes this one “Cry Wolf” 
story with a happy ending. 


There is a better way. 
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York, N.Y. 10011. 


NATIONAL—Seeking Cardiologist for large, busy 
multi-specialty clinic in Northwest. Also opportunity in 
western Connecticut. Contact: John Ochsner, Barbano 
Search Group, 401 Kirkland Parkplace, Suite 209, 
Kirkland, WA 98033 or call (206) 827-0900. 


CARDIOLOGIST—/|mmediate opening with an expanding med- 
ical group located in west Riverside County in So. Calif. for a 
BE/BC Non-invasive Cardiologist. We are a thriving multi-spe- 
cialty group. Our practice offers excellent salary with incen- 
tives and benefits and the possibility of building up a stable 
future. Apply to Box 1105, The American Journal of Cardiolo- 
gy, 249 W. 17th St., New York, N.Y. 10011. 


MAJOR OPPORTUNITY 
FOR 
CARDIOLOGIST 


Invasive-noninvasive position open for 
July, 1990. Extremely active private-prac- 
tice group has major affiliation with large 
teaching center in very desirable south- 
western location. 


OUTSTANDING INITIAL 
COMPENSATION AND GENEROUS 
BENEFITS 


Send CV to: 


Box 1075 
The American Journal of Cardiology 
249 W. 17th St. 
New York, N.Y. 10011 
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Clinical, Echocardiographic, Continuous Wave and Color Doppler 
Evaluation of Bioprosthetic Cardiac Valves in Place 


for More Than Ten Years 


William S. Weintraub, MD, Stephen D. Clements, MD, Edward R. Dorney, MD, Victor E. Corrigan, MD, 
Caryn L. Cohen, RN, William G. Hendren, MD, John V. Perkins, RDCS, Ellis L. Jones, MD, 


and Joseph M. Craver, MD 


@ ince the early 1970s, bioprosthetic heart valves 

have been used frequently to replace mitral and aor- 
tic valves. While there are thousands of patients with 
bioprosthetic valves in place for at least 10 years,'~> these 
valves manifest significant functional deterioration after 
approximately 8 years.* Echocardiography and Doppler 
ultrasound are useful in evaluating the function of the left 
ventricle and flow characteristics of valves. In particular, 
color flow Doppler is useful in evaluating aortic and mi- 
tral regurgitation while continuous wave Doppler is most 
useful in evaluating aortic and mitral valve gradients.° 
This study evaluates the functional and hemodynamic 
status of patients with bioprostheses placed >10 years 
previously. 

Patients were invited to participate if they had under- 
gone successful mitral or aortic valve replacement with 
porcine bioprostheses before March 1, 1978, at Emory 
University Hospital. Patients were excluded if they lived 
>3 hours from Atlanta, Georgia, by car. The total pool 
of surviving eligible patients was 126. Patients were 
called, independently of clinical status, and invited to 
participate in the study or were included if they were seen 
at the Emory Clinic for routine follow-up. Enrollment 
was continued until 20 valves each in the aortic and 
mitral positions were studied. There were 18 patients 


From the Divisions of Cardiology and Cardiothoracic Surgery, Emory 
University Hospital, 1364 Clifton Road, N.E., Atlanta, Georgia 30322, 
and the School of Medicine, Emory University, Atlanta. Manuscript 
received June 22, 1989; revised manuscript received and accepted Au- 
gust 28, 1989. 


with only aortic prostheses, 18 with only mitral prosthe- 
ses and 2 with both valves replaced. All patients were 
interviewed and then examined by a senior member of 
the cardiology faculty. 

Two-dimensional echocardiography, continuous 
wave and color flow Doppler evaluations (Hewlett- 
Packard) were performed on all patients. All echocar- 
diograms were evaluated by 2 of us, blinded to all clini- 
cal details. Left ventricular contractility was determined 
by visual assessment and by evaluation of ejection frac- 
tion by the single plane ellipsoid method.’ Valve thicken- 
ing or flail leaflets were noted by visual inspection. 
Mitral valve areas were determined by the pressure 
half-time method.° Peak aortic valve gradients were de- 
termined by the modified Bernoulli equation. Valvular 
regurgitation was estimated by visual approximation of 
the methods of Miyatake et al. A more quantitative 
approach was not used due to the limitations in color 
flow quantification of valvular regurgitation. 

All data were expressed as mean + standard devi- 
ation or in percentages where appropriate. 

Demographics and clinical data are listed for sub- 
jects having mitral and aortic valve replacement in Table 
I. More men were present in the aortic valve group, and 
more women were present in the mitral group. Shortness 
of breath was noted in 8 (40%) of the mitral valve recipi- 
ents. In addition, class III or IV congestive heart failure 
(New York Heart Association) was present in 4 (20%) of 
the mitral cases and 5 (25%) of the aortic cases. While 
both systolic and diastolic mitral murmurs were rela- 


TABLE I Clinical Results 


Male sex (%) 
Age (yrs) 
Years from surgery 
Class Ill to IV congestive heart failure (%) 
Dyspnea compared to before surgery (%) 
Unchanged 
Worse 
Improved 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 
Pulmonary rales (%) 
Jugular venous distension (%) 
S3 gallop (%) 
Systolic murmur (%) 
Diastolic rumble (%) 
Diastolic blow (%) 
Rhythm (%) 
Normal sinus 
Atrial fibrillation 
Paced 





Mitral Bioprostheses 
(n = 20) 


Aortic Bioprostheses 
(n = 20) 
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Mitral bioprostheses 
Leaflet thickening (%) 
Flail mitral leaflet (%) 
Moderate to severe mitral regurgitation (%) 
Mitral area (cm?)* 
Mitral area <1.0 cm?* (%) 
Left ventricular dysfunction (%) 
Ejection fraction* (%) 
Aortic bioprostheses 
Leaflet thickening (%) 
Flail aortic leaflet (%) 
Moderate to severe aortic regurgitation (%) 
Peak aortic gradient (mm Hg) 
Peak aortic gradient 250 mm Hg (%) 
Left ventricular dysfunction (%) 
Ejection fraction’ (%) 


*n=16;'n=18. 





tively common, an aortic regurgitation murmur was rel- 
atively infrequent; it was present in only 3 of 20 patients 
(15%). Most subjects with mitral prostheses were in 
atrial fibrillation. Most subjects with aortic valve pros- 
theses remained in sinus rhythm. 

Echocardiographic and Doppler results are listed in 
Table II. Thickening of the prosthetic valve leaflets was 
relatively infrequent, although it is sometimes difficult 
to see the leaflets due to the bright stent echos. The 
Doppler-derived information proved more useful. The 
mitral valve area was 2.1 + 0.7 cm, with 1 patient (6%) 
having a valve area <1 cm.’ The peak aortic valve gradi- 
ent was 32 + 17 mm Hg, with 3 of the patients (15%) 
having a gradient >50 mm Hg. Moderate to severe mi- 
tral regurgitation was noted in 4 patients (20%) and 
moderate to severe aortic regurgitation in 2 (10%). Ab- 
normal left ventricular systolic function was infrequent, 
and the mean ejection fractions were within the normal 
range. 

While most patients in our study had mild to moder- 
ate symptoms with adequately functioning valves, a sig- 
nificant minority had congestive heart failure and evi- 
dence of valve malfunction. In addition to operative and 
yearly mortality, bioprosthetic valve degeneration accel- 
erates after 8 years.!- Thus, the study group presented 
here may represent a minority of the original population. 
In addition, there is continuing loss of these valves; 7 of 
the 38 patients in this study required valve replacement 
within 6 months of the study. 

We have demonstrated the usefulness of the combined 
approach of clinical and echocardiographic evaluations of 
patients with bioprosthetic valves. Symptoms of conges- 
tive heart failure remain important in following these 
patients. As expected, 2-dimensional echocardiography 
provided the least information’; the leaflets were difficult 
to visualize, although flail leaflets can be noted.? Continu- 
ous wave Doppler was useful for evaluating the aortic 
valve gradient, while color flow Doppler was effective in 
evaluating aortic or mitral insufficiency.? The advantage 
of Doppler is that it is relatively objective and serial 
observations can be performed. 

The appearance of bioprosthetic valves as assessed by 
echocardiography has been well documented.'°!4 The 
appearance of these older valves was entirely consistent 
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with previous reports of valves studied soon after surgery. 
Alam et al'* also noted that Doppler was more useful 
than 2-dimensional echocardiography in evaluating pros- 
thetic valves, even though color flow was not yet avail- 
able. The mean mitral area in the present study was 
virtually identical to that found by Alam et al, while 
mitral regurgitation was more frequent in their study. 
The mean gradient across the aortic valve prostheses was 
higher in our study than in that of Alam et al. The mean 
gradient was higher than would be expected soon after 
implantation.'> It should be noted that the gradient is also 
related to the size of the valve and not just to the degree of 
degeneration. Thickening of the valve leaflets, ultimately 
with calcification and an increasing gradient, is a process 
that would be anticipated. 

Although bioprosthetic valve implantation has limita- 
tions, many surviving patients appear to be doing remark- 
ably well. Patients with severely malfunctioning valves, 
however, may undergo reoperation or die. Despite the 
sizable minority of patients remaining at 10 years with 
the original valve in place, these valves do have a limited 
lifespan. In younger patients reoperation must be antici- 
pated. Doppler ultrasound is useful in evaluating their 
valves, and changes in function may be followed, permit- 
ting improved monitoring of patients with deteriorating 
valves. Thus, echocardiograms of prosthetic valves placed 
>6 years ago may add valuable information to the overall 
clinical evaluation. 
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Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS) 3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 12 to 3 
times more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population4 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type IIb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 


*Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. J Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Munster 
Trial. Zürich: Panscientia Verlag; 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jaattela A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study, Am | Cardiol. 
1988;62:35)-43). 
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Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS) 

3. Hypersensitivity to gemfibrozil 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 112 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 12 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cell 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist 

9. Use in Children — Safety and efficacy in 
children have not been established. 
ADVERSE REACTIONS. In the double-blind 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for upto 5 years 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren- 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%) 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients 
Additional adverse reactions that have been reported for gemfibrozil are listed below 

by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphatase; 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive. measures should be taken should it occur 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Eng/ J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription 
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Incidence, Description and Functional Assessment of Isolated 


Quadricuspid Aortic Valves 


Barry J. Feldman, MD, Bijoy K. Khandheria, MD, Carole A. Warnes, MD, James B. Seward, MD, 


Catherine L. Taylor, and A. Jamil Tajik, MD 


solated quadricuspid aortic valve (QAV) is a rare 

congenital abnormality. Most cases have been discov- 
ered as an incidental finding at autopsy or at aortic valve 
replacement. Fewer cases have been detected by aortic 
root angiography for the assessment of valvular regurgi- 
tation! or by 2-dimensional echocardiography.’ 

The autopsy incidence of QAV has varied greatly. 
Simonds? failed to identify any cases of QAV in his own 
series of 6,252 autopsies, but in a pooled series he found 2 
in 25,666 examinations, for an incidence of 0.008%. Hur- 
witz and Roberts? found 2 in 6,000 examinations, with 
incidences of 0.027 and 0.033%, respectively. It is likely 
that this abnormality of the aortic valve can be easily 
overlooked unless it is specifically sought. In 1 pathologic 
series evaluating the incidence of quadricuspid pulmonic 
valves, 6 cases had been overlooked in the original autop- 
sy. This suggests that, even though positive identification 
can be made easily by direct vision at autopsy, the autop- 
sy incidence must be lower than the true incidence. An 
additional factor that may lead to overestimation of the 
incidence is inaccurate assessment of the valve at opera- 
tion and subsequent excision into small pieces, which may 
artifactually create the appearance of an additional cusp. 

With improvement in ultrasonographic technology 
during the past several years, valvular anatomy can be 
assessed confidently in vivo. To date, 4 cases of QAV have 
been reported with the use of 2-dimensional echocardiog- 
raphy.’ Of these, 2 have been confirmed by direct visual- 
ization at operation or autopsy. 

We report here the frequency of occurrence of QAV 
in a large population of patients undergoing 2-dimension- 
al echocardiography. 

Archived 2-dimensional echocardiography data of 
our echocardiography laboratory were reviewed for the 
period June 1982 to May 1988. QAV was confirmed by 2 
independent observers. Detailed 2-dimensional echocar- 
diography had been performed in all patients with 2.5- 
or 3.5-MHz phased-array transducers. Standard views 
were taken from the left parasternal, apical, and subcos- 
tal regions as described.’ Echocardiographic definition 
of QAV included a characteristic “X” in diastole and 
freely opening cusps in a rectangular configuration dur- 
ing systole (Figure 1). Continuous-wave and color-flow 
Doppler examinations had been performed as described? 
to assess valvular function in 6 of the 8 patients with 
OAV; it had not been done for the 2 patients seen before 
1983. 

Among the 60,446 individual patient examinations 
reviewed, 8 patients with QAV were identified for an 
incidence of 0.013%. For the period July 1987 to May 
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1988, 6 cases were identified among 13,805 examina- 
tions, for an incidence of 0.043%. 

The ages of the 8 patients with QAV ranged from 28 
to71 years (mean 46). There were 3 men and 5 women. A 
small accessory cusp was identified in 3 patients (Figure 
2), nearly equal cusps in 3 patients, and a large accessory 
cusp in 2 patients (Figure 3). Both patients with a small 
accessory cusp in whom Doppler examination was per- 
formed showed mild to moderate aortic regurgitation at 
the point of coaptation of the accessory cusp. Aortic 
regurgitation was noted on physical examination by the 
referring physician in both cases. In the 4 patients with 
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FIGURE 1. A, diastolic frame from a patient with quadri- 
cuspid aortic valve. Parasternal short-axis view shows 4 
equal leaflets (X) of aortic valve. Note characteristic 

“X” configuration. B, systolic frame from same patient. 
Parasternal short-axis view shows characteristic “squared” 
opening of leaflets of aortic valve (arrowheads). Ao = 
aorta; A = anterior; LA = left atrium; P = posterior. 
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FIGURE 2. Quadricuspid aortic valve with unequal small cusp. 
Diastolic frame obtained from parasternal short-axis view 
shows 4 leaflets (arrows) with a small leaflet. LA = left 
atrium. 


FIGURE 3. Quadricuspid aortic valve with an unequal large 
cusp. Diastolic frame from parasternal short-axis view shows 
quadricuspid aortic valve (open arrows) with large leaflet 
(closed arrow). LA = left atrium; PA = main pulmonary 
artery; pv = pulmonary valve. 


nearly equal cusps or with a large accessory cusp in 
whom a Doppler examination was performed, all had 
absent, trivial or mild aortic regurgitation. 

The oldest patient (age 71 years) showed mild aortic 
stenosis with a valve area of 1.5 cm? by continuous-wave 
Doppler examination in addition to mild to moderate 
aortic regurgitation. This patient had a small accessory 
cusp. Direct visualization at operation or autopsy in 2 
patients confirmed our in vivo echocardiographic diag- 
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nosis of QAV as well as our ability to assess cusp size 
accurately. No patients with QAV had endocarditis 
through the last available follow-up. 

In our 8 patients with QAV, only 3 were referred for 
evaluation of diastolic murmurs, suggesting that selection 
bias for QAV in our population may not play a great role 
and that echocardiography may provide the most accu- 
rate assessment of incidence currently available. Of these 
3 patients, 1 had a fistula from the noncoronary sinus of 
the aortic valve that communicated with the right atrium 
and a structurally normal appearing QAV. The remain- 
ing 2 had mild to moderate aortic regurgitation by Dopp- 
ler examination. 

As reported by others, we also found aortic regurgita- 
tion to be the predominant valvular abnormality. How- 
ever, with Doppler techniques, aortic regurgitation can be 
detected at a much earlier stage, before it is manifested 
clinically. Thus, many of the previously reported cases, 
found at valve operation or aortic root angiography, were 
selected from a population with more advanced disease. 
Hurwitz and Roberts> hypothesized that because aortic 
regurgitation is not noted in either infancy or childhood, it 
most probably is an acquired lesion. 

Results of Doppler interrogation, performed in 6 of 
the 8 patients, suggest that with cusps of nearly equal 
area transvalvular forces are equally distributed. In con- 
trast, with a small accessory cusp there is an unequal 
distribution of stress and abnormal leaflet coaptation that 
result in possible progressive aortic regurgitation with 
localized trauma and deterioration. The color-flow imag- 
ing clearly demonstrated regurgitation at the point of 
coaptation of the accessory cusp. Although larger num- 
bers of cases of QAV need to be assessed in vivo by 
Doppler methods, this observation implies that patients 
with a small accessory cusp may progress to more severe 
aortic regurgitation and may require prophylaxis against 
subacute bacterial endocarditis. 
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Atrioventricular Septal Defect and Ebstein’s Malformation 


Kyu-OK Choe, MD, Michael E. McConnell, MD, Juan Mesa, MD, and Benigno Soto, MD 


he association of atrioventricular (AV) septal de- 

fect (SD) and Ebstein’s malformation of the right 
component of the AV valve has been sporadically report- 
ed through morphology! and echocardiography.” This 
association is said to represent 0.3% of patients with 
AVSD.3 We describe the clinical, angiographic, echocar- 
diographic and anatomic features of 3 patients with 
AVSD and Ebstein’s anomaly of the right AV valves. 
Angiographic studies were available in 2 patients and 2 
specimens were available for anatomic study. One patient 
had angiographic and anatomic correlation. Angiogra- 
phy was performed using axial projections during selec- 
tive opacification of the right and left ventricle. Two- 
dimensional echocardiography was performed in 2 pa- 
tients (Table I). 
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The morphology of hearts with AVSD and Ebstein's 
malformation in this series is similar to that previously 
described.!? Absence of the AV septum, deficiency of the 
inlet muscular septum,’ apical displacement of the AV 
valves and plastered right leaflets over the septal and 
inferior free wall of the right ventricle? are among the 
most common morphologic changes. The morphology of 
the leaflets guarding the AV valve is of particular impor- 
tance from a clinical and surgical viewpoint.° In every 
heart of this series, the common AV valve was divided 
into 2 components by a continuous fibrous tissue over the 
crest of the deficient ventricular septum (Figure 1B). 
This tissue jointed the superior and inferior bridging 
leaflets of the valve. The left component of AV valve had 
3 leaflets in each heart. The superior bridging leaflet was 
related to the aorta; the inferior bridging was related to 
the crux cordis; and the left mural leaflet was located 
over the external part of the orifice. The commissure 
that separates the superior and inferior bridging leaflets 
did not show a papillary muscle and it was oriented 
toward the muscular inlet septum rather than to the left 





FIGURE 1. Patient 1: A, the right ventricular aspects and B, the left atrial and ventricular aspects. The inferior bridging leaflet 
is plastered over the septal aspect of the right ventricle and its border is free at midportion of the septum. The superior bridging 
leaflet (anterosuperior) is also poorly attached to the anterior free wall of right ventricle and to the crista supraventricularis 
(arrowheads). A large portion of this leaflet was resected at the time of surgery. The only connection between the atrialized and 
functional portions of the right ventricle was at that level (curved arrow). These morphologic findings are correlated with the 
angiographic findings shown in Figure 2. The fossa ovalis atrial septal defect (ASD) is wide open but the primum (due to absence 
of atrioventricular septum) is in some way restricted. The inferior limit of the primum defect is bordered by the superior and 
inferior bridging leaflets of the atrioventricular valve. The commissure between these 2 leaflets “‘cleft (*)” is oriented toward the 
middie portion of the septum. No interventricular connection was verified. Notice the presence of an accessory ‘“‘mitral” valve 
(curved arrow). ARV = atrialized right ventricle; FO = ASD fossa ovalis type; FRV = functional right ventricle; IL = inferior 
bridging leaflet; LV = left ventricle; OP = ASD ostium primum type; PV = pulmonic valve; RA = right atrium; SL = superior 


bridging leaflet 
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Pt Age, Sex Symptoms 








1 21 yrs, M CHF, mild cyanosis 
2 7 yrs, M Cyanosis 
3 10 days, M Cyanosis 


AV = atrioventricular; CHF = congestive heart failure; EBS = Ebstein's anomaly; IL 
SL = superior leaflet of the AV valve. 


ventricular outlet (Figure 1B). This morphology is not 
different from that of a partial form of AVSD. The right 
component was formed by a large membrane, which rep- 
resents the fusion of the leaflets that usually form the 
right-sided component in the partial form of AVSD 
(Figure 1A). This membrane was partially plastered to 
the adjacent endocardial surface of the right ventricle 
and separated an atrialized portion of the right ventricle 
from the functional component of the ventricle, as is seen 
in patients with Ebstein’s malformation. A connection 
between these 2 ventricular components was present in 2 


FIGURE 2. Patient 1: A, right ventriculogram on frontal view and B, left ventriculogram in 4-chamber view. In A a catheter 


TABLE I Anatomic and Angiographic Findings in Three Hearts with Atrioventricular Septal Defect 
Angiographic Findings 





EBS with RAVV and LAVV insufficiency 
AVSD, partial form (Figure 2) 

EBS with LAVV insufficiency, — 
imperforated RAVV 





= inferior leaflet of the AV valve; LAVV = left AV valve; RAVV = right AV valve; SD = septal defect; 





Anatomic Findings 








EBS involving SL and IL 
AVSD, partial form (Figure 1) 










—- EBS with imperforated RAVV 
AVSD, partial form 















hearts, in one (patient 1) it was large enough to allow a 
wide communication. It was restricted in 1 heart (patient 
2) and absent in the third (patient 3). Interventricular 
communication was absent in 2 hearts; in 1 (patient 3) a 
restricted interventricular communication was present, 
underneath the superior bridging leaflets (Figure 3). The 
patient with a large connection between the atrialized 
and functional portions of the right ventricle had clinical 
manifestations dominated by insufficiency of the AV 
valve. Patients with restriction in this connection present 
clinically by cyanosis and systemic venous congestion. 


| 





courses from the right atrium into the functional right ventricle through an area close to the crista superventricularis. The 
inferior part of the right atrioventricular (AV) valve is well defined (small curved arrows). it represents the inferior bridging 
leaflet attachment to the inferior wall of the right ventricle. The border between the functional and atrialized right ventricle is 
represented by 2 lines, one in the superior bridging (arrowheads), and the most apical in the inferior bridging leaflets (arrows) 
(see Figure 1). The only connection between the atrialized and functional right ventricle is at the junctional area (segment where 
the infundibular septum joints the trabecular septum) (/arge curved arrows). The outflow tract is wide open, similar to that of 


classic Ebstein’s ion. 


In B the left ventricular outflow tract is deformed at its right border indicating absence of AV septum. The right border of 
the outflow tract is now formed by the superior and inferior bridging leaflets. They are separated by a commissure “cleft” 
(arrow). Notice a small jet of contrast media refluxes from the left ventricle into the right atrium (arrowheads) through the 
inferior bridging leaflet. The absence of interventricular communication indicates that the leaflets of the AV valve are attached to 
the crest of the ventricular septum. AO = aorta; ARV = atrialized right ventricle; FRV = functional right ventricle; LV = left 
ventricle; OT = outflow tract of right ventricle; PV = pulmonary valve; 


RA = right atrium. 
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The cardiac morphology of this combination is well 
depicted by axial angiocardiography,’ but it is also well 
demonstrated by echocardiography.’ The angiographic 





FIGURE 3. Schematic representation of morphologic features 
of the atrioventricular junction in 3 hearts. A, superior view; 
B, sagital section of the ventricles. In heart 1, significant con- 
nection between atrialized and functional right ventricle was 
present. The connection was enlarged by surgery (interrupted 
line). In heart 2, restricted connection between atrialized and 
functional right ventricle was demonstrated through the com- 
missure between superior and inferior bridging leaflets. In 
heart 3, no connection between atrialized and functional right 
ventricle was found. Interventricular connection was demon- 
strated underneath the superior bridging leaflet near the crista 
supraventricularis (arrow). AO = aorta; LA = left atrium; RA 
= right atrium. 


feature that suggests a severe form of Ebstein’s malfor- 
mation is a double line on the right ventricle in the frontal 
view; the proximal line represents the plastered superior 
bridging leaflet, and that more apically located represents 
the plastered inferior bridging leaflet. These 2 lines sug- 
gest Ebstein’s malformations associated with AVSD 
(Figure 1A). 
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Esmolol as an Adjunct in the Treatment of Systemic Hypertension 
After Operative Repair of Coarctation of the Aorta 


Robert N. Vincent, MD, CM, Lorie A. Click, RN, MN, Henry M. Williams, PA-C, William H. Plauth, MD, 


and Willis H. Williams, MD 
ou arterial hypertension after repair of coarc- 
tation of the aorta is a common problem occurring in 
56 to 90% of patients.'!-> Pharmacologic therapy is insti- 
tuted to maintain mean arterial pressures within the nor- 
mal range and successful therapy of postopertive hyper- 
tension has been shown to result in decreased morbidity 
during the postoperative period. 
Hypertension immediately after coarctation repair is 
the result of stimulation of the sympathetic nervous sys- 
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tem, while increased activity of the renin-angiotensin sys- 
tem accounts for the hypertension during the next few 
days to weeks.!:4 

Pharmacologic agents that have been used to treat 
hypertension in the early postoperative period include 
sodium nitroprusside, a methyldopa, reserpine, hydrala- 
zine, propranolol and captopril.>-* In this institution, so- 
dium nitroprusside is the drug of choice. Propranolol or 
captopril is added if further pharmacologic therapy is 
necessary. Recently, esmolol, a short-acting 6 blocker 
similar to propranolol in its properties, has become avail- 
able. Its advantage over other antihypertensive agents is 
that it can be administered as a continuous infusion and 
has a very short half-life of distribution (2 minutes) and 
elimination (9 minutes). We report on the use of esmolol 
as an adjunct to sodium nitroprusside in patients whose 
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TABLE I Patient Profile 





Peak 
Systolic 
Blood Pressure (mm Hg) Pressure 
Age Gradient 
Pt (yrs) S D M (mm Hg) 





D = diastolic. Gradient = systolic pressure difference across the coarctation; M = 
mean arterial pressure; S = systolic. 


Heart 
Rate 
(beats / 


Blood Pressure (mm Hg) 


Before esmolol 





SE = standard error; other abbreviations as in Table |. 


postoperative hypertension has required the addition of a 
second antihypertensive agent. 

Seven children (age 7 to 19 years, median age 13) 
who underwent repair of coarctation of the aorta, and 
who had postoperative hypertension not controlled by 
intravenous sodium nitroprusside (dose range 2.0 to 5.0, 
mean 3.4 g/kg/min), were treated with intravenous es- 
molol. Hypertension clinically refractory to sodium ni- 
troprusside was said to exist when the systemic arterial 
pressure did not decrease, or continued to increase de- 
spite an increase in the amount of drug administered. 
Five patients had a primary repair of the coarctation and 
2 underwent repair of recurrent coarctation after a previ- 
ous left subclavian flap angioplasty. Two of the patients 
were treated with propranolol before surgical repair. 
The preoperative hemodynamics are listed in Table I. 

At the time of receiving esmolol, all patients were in 
the intensive care unit and extubated. Sedation and anal- 
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gesia were used to control the possible effect of pain and 
anxiety in precipitating hypertension, and no patient had 
evidence of a residual coarctation (systolic pressure gra- 
dient >10 mm Hg). Treatment with esmolol began 0.6 to 
19 hours (mean 6.4) after admission to the intensive care 
unit. An initial bolus of 500 ug/kg/min over 1 minute was 
administered to 5 patients (2 patients did not receive 
this). Continuous infusion was then begun and titrated to 
reduce the mean arterial pressure to <95 mm Hg, the 
systolic arterial pressure to <140 mm Hg, or both. The 
maximal dosage of esmolol ranged from 50 to 250 ug/ 
kg/min (mean 173). 

Table II lists the heart rate, systolic, diastolic and 
mean arterial pressures in patients immediately before 
esmolol was started and the values obtained 1 hour after 
the addition of esmolol to sodium nitroprusside. During 
this time period, the administration of sodium nitro- 
prusside was unaltered. After commencement of esmo- 
lol, there was a significant decrease in heart rate, systol- 
ic, diastolic and mean arterial pressures in 6 of 7 pa- 
tients. One patient (no. 3) failed to respond initially, but 
the blood pressure gradually decreased over the next 4 
hours. The initial response of esmolol was sustained, 
allowing for the discontinuation of sodium nitroprusside 
within 10 to 36 hours (mean 18), and a discontinuation 
of esmolol 18 to 56 hours (mean 31) after the initial 
dose. While the doses of sodium nitroprusside and esmo- 
lol were being decreased, all patients were switched to 
oral antihypertensive agents consisting of propranolol, 
captopril, or both. 

Treatment of systemic hypertension immediately af- 
ter repair of coarctation of the aorta is important to 
reduce postoperative morbidity, particularly that due to 
mesenteric arteritis.!-> The cause of the hypertension 
must always be established; in particular, residual coarc- 
tation after an imperfect repair must be considered. In 
addition, agitation, anxiety and pain will aggravate the 
increased sympathetic tone seen in these patients and 
must be treated appropriately. After evaluation to ex- 
clude a residual coarctation, and appropriate therapy 
with sedation and analgesia, antihypertensive therapy is 
still commonly needed, particularly in older patients.! 
Our present observation—that esmolol is effective as an 
adjunct to sodium nitroprusside in the treatment of hy- 
pertension after coarctation—adds 1 more agent to the 
pharmacologic armamentarium. The advantage of esmo- 
lol over other agents that have been previously used is that 
it can be given by continuous infusion, has a very short 
half-life and is easily titratable. This allows for easy and 
rapid adjustments of medication to changes in blood pres- 
sure. The ability to eliminate the necessity for sodium 
nitroprusside after stabilization of blood pressure with 
esmolol brings into question whether it might be effective 
alone in the treatment of hypertension after coarctation 
repair. Although this has not been evaluated, the demon- 
stration that the early postoperative hypertension is due, 
at least in part, to increased sympathetic activity+ makes 
this a distinct possibility, particularly because sodium 
nitroprusside itself is an indirect stimulator of the sympa- 
thetic nervous system. 


We conclude that esmolol is a useful adjunct to sodi- 
um nitroprusside and is probably more physiologically 
rational than sodium nitroprusside in the acute treatment 
of hypertension after coarctation repair. 
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Effects of Altered Cardiac Ventricular Chamber Size 
on the Electrocardiogram and Position of the Heart 


Edward A. Ross, MD, William F. Graettinger, MD, J. 
Patrick A.X. Hall, MD, and Victor F. Froelicher, MD 


t has been suggested that the electrocardiographic 

R-wave amplitude is related to the volume of blood in 
the left ventricle, the so-called Brody effect.!-4 However, 
the evidence supporting this hypothesis is controversial, 
and the relation of the QRS complex to cardiac physiolo- 
gy has yet to be fully elucidated. Rather than by altering 
dipole formation, changes in ventricular volume may in- 
fluence surface-recorded potentials indirectly by affect- 
ing cardiac position and orientation within the thorax.° 
Other possible mechanisms include myocardial ischemia, 
left ventricular (LV) dyskinesis, changes in wall tension, 
altered conduction pathways and lung expansion.®’ De- 
termining the contribution of each of these factors to 
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FIGURE 1. Data for fluid balance and left 
ventricular end-diastolic dimension 
(LYDD) at times 0, 30 and 60 minutes. 
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dynamic R-wave changes is clinically important, es- 
pecially with regard to interpreting exercise-induced 
changes in R-wave amplitude.’* Previous studies have 
not adequately resolved this problem because the protocol 
designs often introduced potentially confounding factors 
such as sympathomimetic drugs, tachycardia, changes in 
lung volume or altered cardiac position.5®!0 To investi- 
gate these parameters in a more physiologic manner, we 
reduced LV volume by means of isolated ultrafiltration in 
a population of patients requiring long-term hemodialy- 
sis. The effects on QRS morphology and cardiac position 
and orientation within the thorax were assessed by elec- 
trocardiography and 2-dimensionally guided M-mode 
echocardiography. 

Twelve clinically stable male long-term hemodialysis 
patients aged 30 to 87 years (mean 55 + 4) were recruit- 
ed from the outpatient Long Beach Veterans Adminis- 
tration Medical Center dialysis program. Informed con- 
sent was obtained from all subjects, as approved by the 
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TABLE I Electrocardiographic and Echocardiographic Data 
During Ultrafiltration 


30 minutes 60 minutes p Value 


LVDD (cm) 
RSD (cm) 
RAVs (mm) 
SAV; (mm) 15.0+1.4 16.84 1.5 17.54 1.6 <0.001 
RAII (mm) 9.51.2 10:1 £1.3 10.5 + 1.3 0.004 
LVDD = left ventricular end-diastolic dimension; RAII = R-wave amplitude in lead Il; 


RAVs = R-wave amplitude in lead Vs; RSD = distance from right side of septum to 
anterior chest wall; SAV, = QS amplitude in lead V}. 


5.6+0.1 
4.340.2 
18.641.1 


5.4+0.1 
4.2 + 0.2 
18.3 1.1 


5.14+0.1 
4540.2 
18.44 1.3 


<0.001 
0.067 
0.79 


Human Subjects Protection Committee. No patient had 
known cardiac disease, LV wall motion abnormalities on 
echocardiogram or B-adrenergic blocker therapy. 

The patients were studied approximately 44 hours 
after their previous hemodialysis treatment, and were 
kept in a constant supine position. Baseline evaluation 
consisted of an electrocardiogram, echocardiogram and 
determination of serum sodium, potassium, urea nitro- 
gen, creatinine and hematocrit. Isolated ultrafiltration 
was accomplished from the patients’ chronic vascular 
access by means of hollow fiber cellulose acetate dialyz- 
ers (model CAI10, Baxter Corp.). Transmembrane 
pressure was adjusted for a constant rate of fluid remov- 
al to achieve a goal of 2 liters/hr, which was measured by 
collection of the ultrafiltrate. The electrocardiogram, 
echocardiogram, ultrafiltrate volume, blood pressure 
and heart rate were determined every 30 minutes. At the 
end of the 1-hour procedure, the initial blood tests were 
repeated. 

Electrocardiograms were obtained using a modified 
Mason-Likar 12-lead placement, with simultaneous 
data acquisition for all leads on a Mortara Instrument 


-<P Parmo 


M 
M 
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FIGURE 2. Data representing change in QS amplitude in lead 
Vı from baseline to 30 minutes and from baseline to 60 
minutes. 
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(model EL-1). The internal microprocessor calculated 
the mean waveforms from 10 seconds of continuous data 
after discarding aberrant complexes. R- and S-wave 
amplitudes were measured using the PR segment as the 
baseline. QRS amplitude and frontal QRS plane axis 
were independently verified by 2 observers. The heart 
rate was manually extrapolated from 6-second record- 
ings. 

Two-dimensionally guided M-mode echocardio- 
grams were recorded from the left parasternal window 
using a commercially available phased array echocar- 
diograph (Pass II, General Electric). The 2.5-MHz 
transducer was placed at the standard parasternal loca- 
tion and M-mode images of the left ventricular minor 
axis were recorded just below the mitral valve. Ventricu- 
lar dimensions were measured using standard technique. 
The end-diastolic distance of the left ventricle from the 
anterior chest wall was assessed by measurement of the 
distance from the chest wall artifact to the leading edge 
of the right side of the ventricular septum. 

All electro- and echocardiographic parameters were 
compared at baseline, at 30 minutes and after comple- 
tion of fluid removal at 60 minutes by repeated measures 
analysis of variance and stepwise multiple regression 
analysis with a microcomputer statistical package 
(SPSS/PC+). The results were expressed as the mean + 
standard error, and a p value <0.05 was considered 
statistically significant. 

Two patients were excluded from the study (1 due to 
machine malfunction, 1 because of poor quality echocar- 
diograms), leaving a total of 10 patients in the study 
group. Gradual isolated ultrafiltration was accom- 
plished in all patients without adverse hemodynamic 
effects. The principal electro- and echocardiographic 
findings are listed in Table I. Fluid removal after 30 
minutes was 900 + 52 ml, and after 60 minutes 1,928 + 
104 ml (Figure 1). There was no significant change in 
systolic (p = 0.18) or diastolic (p = 0.21) blood pressure 
between baseline and times 30 and 60 minutes (155 + 9/ 
88 + 3, 146 + 7/85 + 3 and 148 + 9/84 + 3 mm Hg, 
respectively). The heart rate was not significantly (p = 
0.25) altered by fluid removal (69 + 4,66 + 4and 64 + 5 
beats/min, respectively). Hemoconcentration was indi- 
cated by a 16.1 + 2.6% increase in hematocrit. There 
were small decreases in serum urea nitrogen (80 + 6 to 
73 + 7 mg/dl, p = 0.013), creatinine (15.8 + 1.3 to 14.9 
+ 1.3 mg/dl, p = 0.002) and potassium (4.9 + 0.3 to 4.6 
+ 0.3 mEg/liter, p = 0.047) concentrations. There was 
no significant change in serum sodium concentration 
over the study periods (138 + 3 to 136 + 2 mEq/liter, p 
= 0.14). 

LV end-diastolic dimension decreased progressively 
(p <0.001) from 5.6 + 0.1 cm at baseline to 5.4 + 0.1 cm 
at 30 minutes and to 5.1 + 0.1 cm at 60 minutes (Figure 
1). Frontal plane mean QRS axis did not significantly 
change from baseline to 30 or 60 minutes (p = 0.69). The 
distance to the septum was 4.3 + 0.2 cm at baseline, 4.2 
+ 0.2 at 30 minutes, and 4.5 + 0.2 cm at 60 minutes (p = 
0.067). Regression analysis revealed that increases in 
this distance were significantly correlated (r = 0.70, p = 
0.003) with decrements in the LV end-diastolic dimen- 
sion and a leftward shift in the frontal plane axis. 


Electrocardiographic measurements varied marked- 
ly between subjects. Since multiple variables (distance to 
septum, axis and LV dimension) were simultaneously 
changing, regression analysis was performed to help elu- 
cidate the contribution of each of these factors to the 
electrocardiographic parameters. The amplitude of the 
R wave in V; (RAVs) at baseline was 18.6 + 1.1 mm and 
did not change significantly with fluid removal (p = 
0.79). Changes in RAVs were negatively correlated only 
with changes in frontal plane axis (r = 0.47, p = 0.038), 
but not with LV end-diastolic dimension or distance to 
the septum. The QS wave amplitude in V; (Figure 2) was 
15.0 + 1.4 mm at baseline, and increased in all patients 
to 16.8 + 1.5 mm at 30 minutes and increased further to 
17.5 + 1.6 mm at 60 minutes (p <0.001). The increases 
in QS wave amplitude in V; were inversely correlated 
with LV end-diastolic dimension (r = 0.45, p = 0.045). 
The R-wave amplitude in lead II demonstrated a small 
but significant (p = 0.004) increase in 9 of the 10 sub- 
jects, from 9.5 + 1.2 mm at baseline to 10.1 + 1.3 mm at 
30 minutes and to 10.5 1.3 mm at 60 minutes. None of 
the cardiac position parameters was significantly corre- 
lated with the changes in R-wave amplitude in lead II. 

Despite advances in the understanding of factors in- 
fluencing cardiac dipoles, the factors influencing surface- 
recorded potentials are still incompletely understood. 
Brody! and others‘ theorized that increasing the chamber 
volume alters the electrocardiogram because of the larger 
blood mass conductivity, which was supported by early 
studies using animal models.* This increased conductivity 
would augment the radial electrical vector, thereby in- 
creasing the amplitude of the M; and M, phases of the 
QRS complexes.”:!! However, studies of both body-sur- 
face potentials!? and direct recordings of endocardial and 
epicardial voltages emphasized the need to examine the 
possible determinants of QRS morphology other than 
chamber volume, including ventricular wall tension and 
thickness, chamber geometry, lung air volume, overall 
body resistivity, position and orientation of the heart in 
relation to the chest electrode, cardiac contractility and 
altered ventricular activation patterns.*-°!! It has been 
difficult to determine the contribution of these various 
contributing factors because previous experimental de- 
signs have involved potentially confounding changes due 
to many of these variables,? as well as sympatho- 
mimetic medications,° the Valsalva maneuver,’ cardiac 
ischemia,’ altered hematocrit,!':!3 increased heart 
rate>!° and dynamic changes with strenuous exercise.’ 
The present experimental design attempted to avoid 
many of these influences by altering only cardiac cham- 
ber volume with isolated ultrafiltration and simultaneous 
acquisition of 12 lead electrocardiograms and echocar- 
diograms. Patients were maintained in constant supine 
position throughout the study period without altered pat- 
terns of respiration. LV end-diastolic dimension was suc- 
cessfully decreased by 10% after the gradual removal of 
approximately 2 liters of plasma fluid. This was accom- 
plished without change in systolic and diastolic blood 
pressure or heart rate. Even if a mild degree of cellulosic 
dialyzer bioincompatibility had produced transient small 
changes in oxygen exchange, this would not be expected 
to have influenced cardiac conduction.?:!4 In addition, 





since only ultrafiltration was performed, there were only 
small changes in serum potassium, creatinine and blood 
urea nitrogen concentrations. Although these changes 
were not thought to be clinically important, an effect on 
impulse propagation could not be excluded. However, the 
potentially confounding influence of large solute clear- 
ances with hemodialysis was avoided. 

The effects of change in chamber size on the position 
and orientation of the heart were variable, as assessed by 
distance to the septum and frontal plane axis. Neverthe- 
less, regression analysis confirmed a significant contribu- 
tion of LV end-diastolic dimension to the cardiac posi- 
tion. Decreasing LV end-diastolic dimension correlated 
significantly with increasing distance to septum and left- 
ward shift of the frontal plane axis. The relation of ven- 
tricular chamber size to change in distance to the surface 
electrode has been emphasized by others>° and would in 
turn affect surface-recorded potential voltages. Other in- 
vestigators have reported no change in axis,° but this may 
be due to different protocol designs. It should be noted 
that in only 4 patients did the distance to the septum 
consistently increase at both time intervals of fluid re- 
moval. The axis and distance of the septum to the anterior 
chest wall thus have multiple determinants and cannot be 
predicted from LV size alone. 

Multiple regression analysis determined the contribu- 
tion of changes in LV end-diastolic dimension, distance to 
the septum and axis to the electrocardiographic parame- 
ters. RAV; had a negative correlation with the frontal 
plane axis, and no significant association with LV end- 
diastolic dimension or distance to the septum. The ab- 
sence of an observed relation between RAV; and LV end- 
diastolic dimension cannot be attributed to a confounding 
effect of hemoconcentration: decreasing blood conductiv- 
ity (with loss of plasma fluid) in the setting of a smaller 
LV size should have accentuated decrements in surface 
voltages.!3 Our data and those of others>® support the 
greater importance of cardiac position or orientation than 
LV chamber size as determinants of R-wave amplitude. 
Other investigators*:'> have shown either no or a discor- 
dant effect of LV end-diastolic dimension on R-wave 
amplitude. These issues are of clinical significance as it 
has been suggested that an increase in R-wave amplitude 
with exercise represents an increased LV volume due to 
ischemic LV dysfunction.’ This is controversial,* and our 
results support the view that RAV; is not a reliable pre- 
dictor of LV size; factors other than LV size must cause 
the observed R-wave changes in the presence of myocar- 
dial ischemia. 

There was a negative correlation between the QS- 
wave amplitude in V, and LV end-diastolic dimension. 
This suggests that decreasing heart volume is associated 
with counterclockwise rotation in the horizontal plane, 
thereby increasing the posterior vector. A true Frank Z 
lead would help to clarify this issue. 

In conclusion, decreasing ventricular chamber size is 
associated with an increased distance of the septum to the 
anterior chest wall, leftward shift in the frontal plane axis 
and counterclockwise rotation in the horizontal plane. 
With the magnitude of fluid removal in the patients stud- 
ied, changes in surface-recorded potentials were primari- 
ly due to the altered heart position and orientation within 
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the thorax, rather than to decreased ventricular dimen- 
sions. 
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False-Positive Treadmill Exercise Tests due to 


Computer Signal Averaging 


John A. Milliken, MD, Hosiar Abdollah, MB, and Gary W. Burggraf, MD 


S cancer ST depression may occur during exer- 
cise, despite the absence of demonstrable coronary 
disease by angiographic studies. Such false-positive tests 
often lead to further fruitless investigations and cause 
much unnecessary anxiety. Less well known are the false- 
positive tests produced by computerized test systems, 
where ST depression is due to signal averaging, but ab- 
sent from the “true” or “raw” electrocardiogram. 

Baseline drift! is corrected but ST segments may show 
ST depression not present on the raw 12-lead electrocar- 
diogram. This problem is most evident when healthy, 
asymptomatic men become “positive” at stage IV or 
more of the Bruce protocol. Despite the admonition by 
Chaitman? that one should always have the true or raw 
electrocardiogram to review before interpreting a test as 
positive, most centers report these false-positive tests as 
abnormal. 

We selected 200 consecutive treadmill exercise tests 
performed using the Case II Marquette system and the 
standard Bruce protocol. Each subject was carefully 
prepared with 10 electrodes applied in the usual manner. 
The arm leads were shifted to below the clavicles, and 
the lower limb leads to below the ribs. The 6 chest leads 
were placed in the standard locations, except for V, 
which became V4R.? All were held firmly in place by a 
fishnet body stocking. The skin was carefully prepared 
by shaving, rubbing vigorously and cleaning with an 
alcohol sponge before electrode application. Resting, 
standing and supine pretest 12-lead records were ob- 
tained, as well as a record every 3 minutes during the 
test, and every 2 minutes during recovery. A raw 12-lead 
electrocardiogram was also obtained after each of the 
signal averaged recordings. There was continuous moni- 
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toring of leads V;, Vs and aVF during the test. If signifi- 
cant ST depression was noted, a raw 12-lead electrocar- 
diogram was obtained at once, to confirm the result 
before the test was terminated. Each patient was encour- 
aged to exercise to his or her maximum, but the test was 
always terminated at the patient’s request, especially if 
90% of the target rate was achieved or ST depression >2 
mm occurred. 

Two hundred consecutive tests were interpreted using 
the averaged complex and averaged 12-lead records. 
After this, the raw 12-lead data were reviewed. The 
following definitions were used in relation to the baseline 
electrocardiogram. 

A POSITIVE TEST: defined as >1 mm of ST depression 
80 ms after the J point present in any lead of the true or 
raw 12-lead electrocardiogram. 

A FALSE-POSITIVE TEST: defined as >I mm of ST de- 
pression 80 ms after the J point present in any lead of the 
averaged 12-lead electrocardiogram, but absent in the 
true or raw | 2-lead electrocardiogram. 

A NEGATIVE TEST: defined as <1 mm of ST depression 
80 ms after the J point present in the raw or true 12-lead 
electrocardiogram when 90% of the target heart rate was 
achieved. 

AN INDETERMINATE TEST: defined as a negative test, 
with <90% of the target heart rate achieved. 

Computer-measured ST depression of the averaged 
complex (Figure 1, Table I) resulted in 109 records with 
21 mm of the ST depression 80 ms after the J point in at 
least 1 lead; however, 49 were reclassified as negative 
since the averaged 12-lead records did not have such ST 
depression. This was due to an erroneous choice of the 
baseline measurement point. There were 60 records in 
which the averaged 1 2-lead electrocardiograms were re- 
ported as positive. The corresponding raw 12-lead elec- 
trocardiograms revealed no significant ST depression in 
52% of the 60 positive reports. In other words, 31 were 








TABLE 1! Two Hundred Consecutive Treadmill Exercise Tests 


Positive by averaged complex 109 
Positive by averaged ECG 60 
Positive raw or true ECG 29 
False positive by true ECG 31 





ECG = 12-ead electrocardiogram. 


false-positive tests due to signal distortion as a result of 
signal averaging. Only 29 were true positive tests. 

These 60 patients ranged in age from 35 to 74 years. 
There were 45 men and 15 women (Table IT). As expect- 
ed, the average age of those with a postive test was higher 
than the other 2 groups; their peak heart rate was lower 
and their time on the treadmill was shorter. One true 
positive test occurred in a woman compared with 28 in 
men, whereas in the other 2 groups the sex distribution 
was almost equal. 

Figure 1 shows the typical asymptomatic ST depres- 
sion seen in the averaged 12-lead treadmill exercise test 
after more than 4 stages of the standard Bruce protocol. 
However, 11 seconds later (Figure 2), even after standing 
still, the true or raw 12-lead electrocardiogram reveals 
the baseline drift that caused the ST depression pro- 
duced by computer averaging. In Figure 3 only the limb 
leads are shown. They reveal marked peculiar ST de- 
pression in leads I, II, aVL and aVF. Even 11 seconds 
later the noisy baseline shows that the ST depression is 
artifactual. The abrupt rise at ST end is produced by 
computer averaging since the averaged | 2-lead electro- 
cardiogram is simply a series of averaged complexes 
pushed together. It is this latter feature that accounts for 
atrial fibrillation becoming regular or changing to “‘non- 
paroxysmal junctional tachycardia” during a treadmill 
test. 

The repercussions of the false-positive test are well 
known but seldom discussed. Misleading exercise elec- 
trocardiograms led Petch’ to state that “the possible ex- 
pense and anxiety caused by a routine visit to a fitness 
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FIGURE 1. The averaged 12-lead 
at the end of the 

exercise after 16 minutes and 15 
seconds and a workload of 18 
METs. The peak heart rate 
achieved was 164 beats/min and no 

were induced. Note the 
ST depression in leads Il, Ill, aVF, 
Vs and Ve. 
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TABLE Il Sixty Treadmill Exercise Tests Positive by Averaged 
12-Lead Electrocardiogram 


Average Peak 
Heart Rate 
(beats /min) 


Average Time 
(min:s) 


Male /Female 


Test Classification Ratio 


True positive 
Indeterminate 
Negative 





assessment unit cannot be recommended.” The problem 
is magnified when false-positive results, with nonexistent 
depression, distort the accuracy of the treadmill exercise 
tests. Published reports attest to the impact of signal 
averaging on the specificity and predictive accuracy of 
the standard treadmill exercise test.” Hollenberg et al® 
reported false-positive treadmill exercise tests in 12% of 
377 young asymptomatic military officers. Many of their 
false-positive results requiring their treadmill exercise 
test score for clarification might be due to pseudodepres- 
sion as a result of signal averaging. Pruvost et al!’ 
reported 807 patients’ tests using the Marquette Case 
system. They concluded that “quantitative analysis of ST 
changes during computerized stress testing is not suffi- 
ciently accurate in itself to detect atherosclerotic coro- 
nary artery disease.” No mention is made of the use of 
raw 12-lead data. Their low specificity of 65% suggests 
that many pseudopositive tests are included among their 
false-positive results. 

It may be impossible to provide hardware correction 
of baseline drift due to body movement and sweating 
during all phases of exercise.* We suggest the following 4 
ways to avoid false-positive tests. 

Special care in skin preparation and electrode applica- 
tion can reduce baseline wandering. Most problems arise, 
however, in those who reach stages 4 or 5 and sweat 
excessively, a factor beyond the control of the technician. 

A raw 12-lead electrocardiogram should be available 
for all tests considered positive by the averaged complex 
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i FIGURE 3. A, the averaged 12-lead electrocardio- 


gram shows the marked distortion of ST segments 
and the abrupt shift at ST end produced by signal 

averaging. B, the raw or true 

some 10 seconds later shows the baseline drift and 
artifact distorting the record. 
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or computerized measurement. Technicians want to pro- 
vide good recordings and will produce the raw record only 
if directed to do so. 

The ST contour of pseudodepression is often unusual 
for subendocardial injury and unlike the typical horizon- 
tal or downsloping true positive result. 

The rapid disappearance of ST depression during re- 
covery should alert one to artifactual or false-positive 
tests, especially when a patient exercises into stage 5 
without symptoms. 

Before calling any computerized exercise test positive, 
review the raw or true 12-lead record. 
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Rapid Method to Determine the Electrocardiographic Frontal Plane 


Axis 


Marc D. Meissner, MD, A-Hamid Hakki, MD, and Abdulmassih S. Iskandrian, MD 







outine electrocardiographic interpretation includes 
determination of axis of the P wave, QRS complex 
and T wave. A commonly used method is that developed 
by Grant! where the axis is considered to be perpendicu- 
lar to the lead with equiphasic (positive or negative) de- 
flections. In an earlier report,” we described a method of 
determining the frontal plane axis based on the trigono- 
metric tangent of an angle: 


60S 

es Gs S73 
where G and S are the greater and smaller net deflections, 
respectively, in a pair of perpendicular leads. The axis was 
derived by algebraically adding or subtracting the calcu- 
lated angle from the lead with the greater deflection. 
Although this formula is simple and obviates the need for 
plotting on a hexaxial diagram, it still requires a calcula- 
tion. This study evaluates the accuracy of axis determina- 
tion using a new simplified equation in relation to trigono- 
metric angle. 

We describe a rapid method for axis determination 
using the principle of right angle triangle: 


Angle = CX = (Equation 1) 


G 

where S is the net deflection in the lead with the smaller 
deflection, G is the net deflection in the lead with the 
greater deflection and C is a constant whose value varies 
between 45 and 57.143 (Table I). As an approximation, 
we assumed a constant of 45 for all situations: 


Angle = 45 X > : (Equation 2) 
Only the absolute values of the deflections (regardless of 
direction) are used; units for S and G should be identical 
(e.g., mm or mV). 

The angle thus calculated (Equation 2) differs from 
the actual angle by a factor of 0 to —4.1° for angles 
between 1 and 45 (Table I). The calculated angle never 
overestimates the actual angle. The correlation between 
the actual angle and the angle calculated using the equa- 
tion (tangent X 45) for 45 angles between 0 and 45° 
approached unity (r = 0.996, y = 0.97x — 2.05). 

To determine axis, one measures one or more pairs of 
perpendicular leads: I and aVF, II and aVL, III and 
aVR. Once the angle is calculated, the axis is derived by 
either adding or subtracting the calculated angle from 
the lead with the greater deflection. 
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TABLE I Derivation of the Constant from Angle and Tangent 
and Relation of Calculated Angle to the Angle 


Angle Calculated A Angle 
(2) Tangent Constant* Angle a (°) (°) 





1 0.0175 57.143 0.788 —0.212 

2 0.0349 57.307 1.570 —0.430 

3 0.0524 57.252 2.358 —0.642 

3 0.0699 57.225 3.145 —0.855 

5 0.0875 57.143 3.937 —1.062 

6 0.105 57.088 4.730 1.271 

7 0.123 57.003 5.526 —1.474 

8 0.140 56.940 6.322 —1.678 

9 0.158 56.818 7.128 —1.872 
10 0.176 56.721 7.934 —2.066 
11 0.194 56.584 8.748 2.008 
12 0.213 56.444 9.567 —2.433 
13 0.231 56.301 10.390 —2.609 
14 0.249 56.157 11.218 —2.781 
15 0.268 55.991 12.055 —2.944 
16 0.287 55.807 12.902 —3.098 
17 0.306 55.610 13.757 —3.243 
18 0.325 55.402 14.620 —3.380 
19 0.344 55.184 15.493 +3507 
20 0.364 54.945 16.380 —3.620 
21 0.384 54.702 17.275 —3.725 
22 0.404 54.455 18.180 —3.820 
23 0.424 54.181 19.102 —3.898 
25 0.466 53.614 20.984 —4.016 
26 0.488 53.311 21.946 —4.054 
27 0.510 52.993 22.928 —4.072 
28 0.532 52.661 23.927 —4.073 
29 0.554 52.318 24.944 —4.056 
30 0.577 51.957 25.983 —4.017 
31 0.601 51.589 27.041 =3.959 
32 0.625 51.208 28.120 —3.880 
33 0.659 50.816 29.223 SFAI 
34 0.674 50.408 30.352 —3.648 
35 0.700 49.986 31.509 —3.491 


0.727 





* Constant = angle /tangent. 
a Calculated angle = 45 X the tangent; 8 A angle = calculated angle — angle. 


Sample calculations for normal axis, left and right- 
ward axis deviation are shown in Figure 1. In Figure 1A, 
for example, the net ORS deflection in lead I is 5.5 mm, 
and that in lead aVF is 11.5 mm. Thus, the angle = 
21.5°. Since the net deflection is greatest in lead aVF, the 
angle is measured from this lead. The axis is then de- 
rived by subtracting the angle from 90°, since the net 
ORS deflection in lead I is positive. This results in an 
axis of 68.5°. The same procedure is applied to calcula- 
tion of left (Figure 1B) and rightward (Figure 1C) axis 
deviation. In Figure 1B, the angle of 36° is subtracted 
from 0° (lead I, largest net ORS deflection) since the net 
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Net QRS: | + 5.5mm 


aVF + 11.5 mm 


o 5.5 _ o 
Angle = 45 X7y57 215 


Axis = 90°- 21.5° = 68.5° 
















+ 10mm 
-8mm 


Net QRS: | 
aVF 






Angle = 45°x -8 = 36° 
g 10 







Axis = 0°- 36°= -36° 








l - 2mm 
aVF + 8mm 


Net QRS: 













Angle = 45°x -£ = 11.2° 





Axis = 90% 11.2°= 101.2° 


FIGURE 1. Calculation of QRS axis using leads I and aVF in 
patients with normal axis (A), left axis deviation (B) and 
rightward axis (C) (see text). 


QRS deflection in aVF is negative. Similarly, in Figure 
IC, the angle of 11.2° is added to 90° (lead aVF, largest 
net ORS deflection) since the net ORS deflection in lead 
I is negative. 

Rapid calculation of the electrocardiographic frontal 
axis is desirable. The method described is simple and 
provides an acceptable approximation of the axis deter- 
mined using the trigonometric tangent. The calculated 
angle may underestimate the true angle by less than 4.1° 
without overestimation. Alternative methods to deter- 
mine the axis are reliable but may require the use of 
tables or reference diagrams.*-° Thus, advantages of this 
formula include its simplicity, which allows for rapid 
calculation of frontal plane axis without use of the more 
cumbersome hexaxial reference diagram or tables. It 
may be particularly useful where there is no equiphasic 
lead, such that Grant’s method! is not easily applicable. 
The mean frontal plane axis may vary by 35° in an 
individual patient when different lead combinations are 
used.’ When more accurate determination is desired, an 
average of several lead combinations may be useful.’ 
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; Effect of Sampling Site on Doppler-Derived Right Ventricular Systolic 


Time intervals 


Elizabeth M. Shaffer, MD, A. Rebecca Snider, MD, Gerald A. Serwer, MD, Jane Peters, 


and Patricia A. Reynolds 


valuation of the pulmonary artery pressure and pul- 

monary vascular resistance is essential in the care of 
most children with congenital heart disease. Recent in- 
vestigations have focused on determining a noninvasive 
technique for detecting pulmonary hypertension. Several 
different right ventricular (RV) systolic time intervals 
measured from the Doppler echocardiogram have corre- 
lated well with pulmonary trunk pressure and pulmonary 
vascular resistance measured at cardiac catheteriza- 
tion.!-8 In these studies, investigators have used multiple 
positions for the Doppler sample volume ranging from the 
RV outflow tract!~> to the pulmonary trunk.>~? Recently, 
Panidis et al,’ using Doppler, reported a significant dif- 
ference in the acceleration time measured from the RV 
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outflow tract compared to that measured from the pul- 
monary trunk. Matsuda et al° found no such difference 
between the 2 sampling sites. We determined the effect of 
Doppler sample volume position on all of the commonly 
used RV systolic time intervals in a group of patients 
evaluated in a pediatric echocardiography laboratory. 
The study participants consisted of 23 patients. Seven 
patients had normal examinations while the other 16 
had a variety of cardiovascular abnormalities including 
aortic stenosis, thoracic coarctation, atrial septal defect, 
small ventricular septal defect, atrioventricular septal 
defect, cor triatriatum, mitral valve prolapse, Marfan’s 
syndrome, Kawasaki's disease and Wolff-Parkinson- 
White syndrome. The group included 10 females and 13- 
males whose ages ranged from 5 days to 25 years (mean 
9.4 years). Each participant underwent a range-gated 
pulsed Doppler examination of the RV outflow tract 
from the parasternal short-axis view. The Doppler re- 
cordings were obtained using an Advanced Technology 
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FIGURE 1. Foram riai views e S Donis cosets tole aoni AREE iS css aana (lefi, 
just distal to the pulmonary valve (middle) and midway between the pulmonary valve and pulmonary bifurcation (righf). AO = 
aorta; LA = left atrium; PA = pulmonary artery; RA = right atrium; RV = right ventricle. 


Laboratories UltraMark 8 imaging system and 5-, 3.5- 
and 2.25-MHz mechanical transducers. Doppler trac- 
ings were recorded with the sample volume positioned in 
the right ventricle just proximal to the pulmonary valve, 
in the pulmonary trunk just distal to the pulmonary 
valve and in the pulmonary trunk midway between the 
pulmonary valve and the pulmonary trunk bifurcation 
(Figure 1). The Doppler tracings were recorded at a 
paper speed of 100 mm/s and wall filter settings of 200 
Hz. RV systolic time intervals were measured (in ms) 
from each sample volume position on all study partici- 
pants using the Doppler spectral tracings and the simul- 
taneous electrocardiogram. The preejection period was 
measured from the Q wave of the electrocardiogram to 
the onset of flow on the Doppler tracing. The accelera- 
tion time was measured from the onset of flow to the 
peak velocity of flow. The ejection time was measured 
from the onset of flow to the end of flow (Figure 2). A 
minimum of 3 cardiac cycles was measured at each sam- 
ple volume position. The following variables were de- 
rived from the measured time intervals: the preejection 
period corrected for heart rate was calculated as the 
uncorrected preejection period plus 0.39 times the heart 
rate, and the ejection time corrected for heart rate was 
calculated as the uncorrected ejection time plus 1.5 times 
the heart rate. In addition, the ratios of preejection peri- 
od/acceleration time, acceleration time/ejection time and 
preejection period/ejection time were calculated. The 
variables measured at each site were compared using a 
period t test and Bonferroni's correction for multiple 
comparisons. A 2-tailed p value <0.04 indicated a sig- 
nificant difference between sites. 

Table I lists the results of comparisons of the RV 
systolic time intervals obtained from the different sam- 
ple volume positions. No differences were found in heart 
rate, preejection period, ejection time or these time inter- 
vals corrected for heart rate at the 3 sample sites. The 
acceleration time was significantly shorter distal to the 
pulmonary valve and midway to the pulmonary trunk 
when compared to that obtained proximal to the pulmo- 
nary valve. There was no difference in the acceleration 
time measured just distal to the pulmonary valve and the 
acceleration time measured midway to the pulmonary 
trunk. Because of the differences observed in the accel- 


eration time between sites, the acceleration time/ejection 
time ratio was significantly lower at both sites distal to 
the pulmonary valve compared to the site proximal to 
the pulmonary valve. The acceleration time/ejection 
time ratio just distal to the pulmonary valve was not 
different from the acceleration time/ejection time ratio 
measured midway in the pulmonary trunk. The preejec- 
tion period/acceleration time ratio measured just distal 
to the pulmonary valve was significantly higher than the 
preejection period/acceleration time ratio measured 
proximal to the pulmonary valve. The preejection peri- 
od/acceleration time ratio measured midway in the main 
pulmonary artery was also higher than that measured 
proximal to the pulmonary valve but this value did not 
reach statistical significance. The preejection period/ 
ejection time ratio was not different among the 3 sam- 
pling sites. 

Several Doppler echocardiographic techniques have 
been used to estimate the pulmonary artery pressure non- 
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FIGURE 2. Pulmonary artery Doppler tracing showing the 
measured systolic time intervals. AT = acceleration time; ET 
= ejection time; PEP = preejection period. 
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TABLE I Comparison of Doppler-Derived Right Ventricular 
Systolic Time Intervals and Ratios Measured at Three 


Sampling Sites in 23 Patients 


HR (beats /min) 
PEP (ms) 

PEPc (ms) 

ET (ms) 

ETc (ms) 

AT (ms) 

AT/ET 

PEP /AT 

PEP /ET 


Proximal Valve 


90 
89+6 
124 4 
283 + 10 
410411 
1198 
0.42 + 0.02 
0.82 + 0.06 
0.32 + 0.02 


Distal Valve 


92 
88 +5 
12544 
287 + 11 
427 +5 
106 + 8* 
0.36 + 0.02* 
0.94 + 0.07* 
0.31 0.02 


Midway MPA 


94 

9045 
12744 
2824+11 
423 +6 
106 +7? 


— 0.37+0.02t | 


0.93 + 0.06 


0.334 0.02 


Values are mean + standard error of the mean. _ | 

* p <0.04 for proximal valve vs distal valve; t p <0.04 for proximal valve vs midway | 

MPA. | 
_AT = acceleration time; ET = eat a time; ETc = = st fak Sar 


= heart rate-corrected preejection period: 


invasively. Chan et al? showed that the measurement of © 
the peak velocity of the tricuspid regurgitant jet was the 
most useful and practical technique, but they could ob- 
tain the jet in only 72% of the patients studied. Therefore, 
Doppler techniques other than measurement of the tri- 
cuspid regurgitant jet must be used to estimate pulmo- 
nary artery pressure in some patients. 

Several different RV systolic time intervals have 
proved useful for estimating pulmonary artery pressure 
noninvasively.!-8 Of these intervals, the acceleration time 
and ratios involving the acceleration time have correlated 
best with catheterization measurements of pulmonary 
pressure and vascular resistance.!67 Systolic time inter- 
vals are influenced by factors such as heart rate, contrac- 
tility, ventricular loading conditions and drug therapy. 
Therefore, they are limited in their ability to evaluate 
pulmonary hypertension. In this study, we found that 


dd 
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technical factors such as the position of the Doppler sam- 
ple volume can also influence the noninvasive measure- 
ment of RV systolic time intervals. 

Different investigators have used different Doppler 
sampling sites to evaluate patients with pulmonary hyper- 
tension. It is as yet unknown which site provides the best 


correlation with catheterization measurements of pulmo- 


nary artery pressure and resistance. In the meantime, if 
Doppler measurements of acceleration time or ratios in- 
volving acceleration time are used to predict pulmonary 
artery pressure, care must be taken to standardize sample 


| volume position. 
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No other nonionic or low osmolar contrast 
medium has demonstrated safety in as many 
clinical studies as nonionic OMNIPAQUE. 


____ OMNIPAQUE delivers outstanding image 
quality. 
____OMNIPAQUE is the first second-generation 


nonionic approved for use in angiocardi- 
ography for patients under the age of 18. * 


_____ OMNIPAQUE is used in more cardiac 
catheterization procedures than any other 
iodinated contrast agent.’ 





OMNIPAQUE | 


(IOHEXOL) 


Setting the standard in 
the cardiac catheterization lab. 


OMNIPAQUE’|140) 


INJECTION (IOHEXOL) 
INTRAVASCULAR 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 
A SUMMARY FOLLOWS: 


DESCRIPTION: OMNIPAQUE is a sterile, pyrogen-free and preservative-free, nonionic, water-soluble radiographic 
contrast medium for intravascular administration in concentrations of 140, 240, 300, and 350 mgl/mL. OMNIPAQUE 
140 contains 302 mg of iohexol equivalent to 140 mg of organic iodine per mL; OMNIPAQUE 240 contains 518 mg of 
iohexol equivalent to 240 mg of organic iodine per mL; OMNIPAQUE 300 contains 647 mg of iohexol equivalent to 
300 mg of organic iodine per mL; and OMNIPAQUE 350 contains 755 mg of iohexol equivalent to 350 mg of organic 
iodine per mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg edetate calcium 
disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or sodium hydroxide. Unused portions 
must be discarded. lohexol solution is sensitive to light and should be protected from exposure. 

abla NDICATIONS: OMNIPAQUE should not be administered to patients with a known hypersensitivity to 
iohexo 

WARNINGS—General: Nonionic iodinated contrast media inhibit blood coagulation, in vitro, less than ionic 
contrast media. Clotting has been reported when blood remains in contact with syringes containing nonionic 
contrast media. 

Serious, rarely fatal, thromboembolic events causing myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast media. Therefore, meticulous intravascular 
administration technique is necessary, particularly during angiographic procedures, to minimize thromboembolic 
events. Numerous factors, including length of procedure, catheter and syringe material, underlying disease state, and 
concomitant medications, may contribute to the development of thromboembolic events. For these reasons, 
meticulous angiographic techniques are recommended including close attention to guidewire and catheter manipula- 
tion, use of manifold systems and/or three-way stopcocks, frequent catheter flushing with heparinized saline 
Solutions and minimizing the length of the procedure. The use of plastic syringes in place of glass syringes has been 
reported to decrease but not eliminate the likelihood of in vitro clotting. 

OMNIPAQUE should be used with extreme care in patients with severe functional disturbances of the liver and 
kidneys, severe thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 3 mg/dL should not 
be examined unless the possible benefits of the examination clearly outweigh the additional risk. OMNIPAQUE is not 
recommended for use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous in patients with multiple myeloma or other paraproteinemia, 
particularly in those with therapeutically resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated that the combination of both may be 
Causative factors. The risk in myelomatous patients is not a contraindication; however, special precautions are 
necessary. Partial dehydration in the preparation of these patients prior to injection is not recommended since this 
may predispose the patient to precipitation of the myeloma protein in the renal tubules. No form of therapy, including 
dialysis, has been successful in reversing the effect. Myeloma, which occurs most commonly in persons over age 40, 
snould be considered before instituting intravascular administration of contrast agents. 

lonic contrast media, when injected intravenously or intra-arterially, may promote sickling in individuals who are 
homozygous for sickle cell disease 

Administration of radiopaque materials to patients known or suspected of a pheochromocytoma should be 
performed with extreme caution. If, in the opinion of the physician, the possible benefits of such procedures outweigh 
the considered risks, the procedures may be performed; however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque contrast media in patients with 
hyperthyroidism or with an autonomously functioning thyroid nodule suggest that this additional risk be evaluated in 
such patients before use of any contrast medium 

Urography should be performed with caution in patients with severely impaired renal function and patients with 
combined renal and hepatic disease 
PRECAUTIONS—General: Diagnostic procedures which involve the use of radiopaque diagnostic agents should 
be carried oul under the direction of personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 
the procedure, as well as for emergency treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available for at least 
to 60 minutes, since severe delayed reactions have occurred (see ADVERSE REACTIONS: Intravascular— 

eneral). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients with advanced vascular 
disease, in diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal disease), 
infants, and small children. Dehydration in these patients seems to be enhanced by the osmotic diuretic action of 
urographic agents. It is believed that overnight fluid restriction prior to excretory urography generally does not 
provide better visualization in normal patients. Patients should be well hydrated prior to and following administration 
of any contrast medium, including iohexol 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and in susceptible nondiabetic 
patients (often elderly with preexisting renal disease) following excretory urography. Therefore, careful consideration 
of the potential risks should be given before pertorming this radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardiovascular reactions 
should always be considered (see ADVERSE REACTIONS: Intravascular—General). It is of utmost importance that a 
Course of action be carefully planned in advance for immediate treatment of serious reactions, and that adequate and 
appropriate personnel be readily available in case of any reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS: Intravascular—General). The susceptible population includes, but is not limited to, patients with a 
history of a previous reaction to contrast media, patients with a known sensitivity to iodine per se, and patients with a 
known clinical hypersensitivity: bronchial asthma, hay fever, and food allergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of several pretesting methods. However, 
pretesting cannot be relied upon to predict severe reactions and may itself be hazardous for the patient. It is suggested 
that a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
media, may be more accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS: 
Intravascular—General). Premedication with antihistamines or corticosteroids to avoid or minimize possible allergic 
reactions in such patients should be considered and administered using separate syringes. Recent reports indicate 
that such pretreatment does not prevent serious, life-threatening reactions, bul may reduce both their incidence and 
severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate-based ionic agents of 
comparable iodine concentration, the potential transitory increase in the circulatory osmotic load in patients with 
congestive heart failure requires caution during injection. These patients should be observed for several hours 
following the procedure to detect delayed hemodynamic disturbances 

General anesthesia may be indicated in the performance of some procedures in selected adult patients; however, a 
higher incidence of adverse reactions has been reported in these patients and may be attributable to the inability of 
the patient to identify untoward symptoms, or to the hypotensive effect of anesthesia, which can reduce cardiac output 
and increase the duration of exposure to the contrast agent. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of the risk of 
inducing thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating the vessel wall 
should be borne in mind during the catheter manipulations and contrast medium injection. Test injections to ensure 
proper catheter placement are recommended. 

lective coronary arteriography should be performed only in those patients in whom the expected benefits 
outweigh the bie risk. The inherent risks of angiocardiography in patients with chronic pulmonary emphysema 
must be weighed against the necessity for performing this procedure 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn into 
the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual contamination with 
traces of cleansing agents 

Parenteral p should be inspected visually for particulate matter and discoloration prior to 
administration. If particulate matter or discoloration is present, do not use. 
information for Patients: Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, homozygous sickle 
cell disease, or known thyroid disorder (see WARNINGS—General) 

3. Inform your physician if you are allergic to an tale or if you had any reactions to previous injections of 

dyes used for x-ray procedures (see PRECAUTIONS—General) a 
4 Inform your physician about any other medications you are currently taking, including nonprescription drugs, 

before you are administered this drug ; 
Drug/Laboratory Test Interaction: lf iodine-containing isotopes are to be administered for the diagnosis of 
thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up to 2 weeks after contrast medium 
administration. Thyroid function tests which do not depend on iodine estimation, eg, Ta resin uptake or direct 


OMNIPAQUE® injection (iohexol 





thyroxine er be are not affected. Many radiopaque contrast agents are incompatible in vitro with some anti- 
histamines and many other drugs; therefore, no other pharmaceuticals should be admixed with contrast agents. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been performed 
to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended human dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE. There are, however, no studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are administered 
9 ont ee Bottle feedings may be substituted for breast feedings for 24 hours following administration of 
Pediatric Use: Pediatric patients at higher risk of experiencing adverse events during contrast medium administra- 
tion may include those having asthma, a sensitivity to medication and/or allergens, congestive heart failure, a serum 
creatinine > 1.5 mg/dL, or those less than 12 months of age 

ADVERSE R ONS 

Intravascular—General: Adverse reactions following the use of OMNIPAQUE are usually mild to moderate in 
severity. However, serious, life-threatening, and fatal reactions, mostly of cardiovascular origin, have been associated 
with the administration of iodine-containing contrast media, including OMNIPAQUE. The injection of contrast media 
is frequently associated with the sensation of warmth and pain, especially in peripheral angiography; pain and 
warmth are less frequent and less severe with OMNIPAQUE than with many contrast media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (2%), angina/chest pain (1%), and hypotension 
(0.7%). Others including cardiac failure, asystole, bradycardia, tachycardia, and vasovagal reaction were reported 
with an individual incidence of 0.3% or less. In controlled clinical trials involving 1,485 patients, one fatality 
occurred. A cause and effect relationship between this death and iohexol has not been established. 

Nervous System: Vertigo [including dizziness and lightheadedness] (0.5%), pain (3%), vision abnormalities 
[including blurred vision and photomas] (2%), headache (2%), and taste perversion (1%). Others including anxiety, 
blurred vision, fever, motor and speech dystunction, convulsion, paresthesia, somnolence, stiff neck, hemiparesis, 
syncope, shivering, transient ischemic attack, cerebral infarction, and nystagmus were reported, with an individual 
incidence of 0.3% or less 

Respiratory System: Dyspnea, rhinitis, coughing, and Lp aye with an individual incidence of 0.2% or less. 
Gastrointestinal System: Nausea (2%) and vomiting (0.7%). Others including diarrhea, dyspepsia, cramp, and 
dry mouth were reported, with an individual incidence of less than 0.1%. 

Skin and Appendages: Urticaria (0.3%), purpura (0.1%), abscess (0.1%), and pruritus (0.1%), 

Individual adverse reactions which occurred to a significantly greater extent for a specific procedure are listed 
under that indication in full prescribing information. 

Pediatrics: In controlled clinical trials involving 391 patients for pediatric angiocardiography, urography, and 
contrast-enhanced computed tomographic head imaging, adverse reactions following the use of OMNIPAQUE 240, 
OMNIPAQUE 300 and OMNIPAQUE 350 were generally less frequent than with adults. 

r ai System: Ventricular tachycardia (0.5%), 2:1 heart block (0.5%), hypertension (0.3%), and anemia 

Nervous System: Pain (0.8%), tever (0.5%), taste abnormality (0.5%), and convulsion (0.3%). 

Respiratory System: Congestion (0.3%) and apnea (0.3%) 

Gastrointestinal System: Nausea (1%), hypoglycemia (0.3%), and vomiting (2%). 

Skin and Aande: Rash (0.3%). 

General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse 
effects in addition to those discussed above. The following reactions have been reported after administration of other 
intravascular iodinated contrast media, and rarely with iohexol. Reactions due to technique: hematomas and 
ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis following intravenous injection. Cardio- 
vascular reactions: rate cases of cardiac arrhythmias, reflex tachycardia, chest pain, cyanosis, hypertension, 
hypotension, peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasionally, transient pro- 
teinuria, and rarely, oliguria or anuria. Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, 
dermal reactions such as urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation, 
and rarely, anaphylactic reactions. Rare fatalities have occurred due to this or unknown causes. Signs and symptoms 
related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or fo the nervous system: 
restlessness, tremors, convulsions. Other reactions: flushing, pain, warmth, metallic taste, nausea, vomiting, anxiety, 
headache, confusion, pallor, weakness, sweating, localized areas of edema (especially facial cramps), neutropenia, 
and dizziness. Rarely, immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
Bereg ‘erg gland swelling) from organic iodinated compounds appears 2 days after exposure and subsides 
y the sixth day. 

In general, ihe reactions which are known to occur upon parenteral administration of iodinated contrast agents are 
possible with any nonionic agent. Approximately 95% of adverse reactions accompanying the use of water-soluble 
intravascularly administered contrast agents are mild to moderate in degree. However, severe, life-threatenin 
anaphylactoid reactions, mostly of cardiovascular origin, have occurred. Reported incidences of death range from 6. 
per 1 million (0.00066%) to 1 in 10,000 (0.01%). Most deaths occur during injection or 5 to 10 minutes later, the main 
feature being cardiac arrest. with cardiovascular disease as the main aggravating factor Isolated reports of 
hypotensive collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 20,000 
(0.005%) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions and idiosyncratic 
reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the dose, and the speed of 
injection. All hemodynamic disturbances and injuries to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 40 years old. 
Idiosyncratic reactions may or may not be dependent on the amount of dose injected, the speed of injection, and the 
radiographic procedure. Idiosyncratic reactions are subdivided into minor, intermediate, and severe. The minor 
heat are self-limited and of short duration; the severe reactions are life-threatening and treatment is urgent and 
mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of allergy is twice that in 
the general population. Patients with a history of previous reactions to a contrast medium are three times more sus- 
ceptible than other patients. However, sensitivity to contrast media does not appear to increase with repeated 
examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse reactions is higher 
with angiocardiography than with other procedures. Cardiac decompensation, serious arrhythmias, angina pectoris, 
or myocardial ischemia or infarction may occur during angiocardiography and left ventriculography. Electrocar- 
diographic and hemodynamic abnormalities occur less frequently with OMNIPAQUE than with diatrizoate meglumine 
and diatrizoate sodium injection. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF ADVERSE REACTIONS FOR 
INTRAVASCULAR USE OF OMNIPAQUE. 

OVERDOSAGE: Overdosage may occur. The adverse effects of overdosage are life-threatening and affect mainly the 
pulmonary and cardiovascular systems. The symptoms include cyanosis, bradycardia, acidosis, panray 
hemorrhage, convulsions, coma, and cardiac arrest. Treatment of an overdosage is directed toward the support of all 
vital functions and prompt institution of symptomatic therapy. 

s intravenous LDso values of OMNIPAQUE (in grams of iodine per kilogram body weight) are 24.2 in mice and 
15.0 in rats. 

DOSAGE AND ADMINISTRATION: Details are provided in the package insert. 
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What’s a common 
denominator 


of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,’ and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


PARKE-DAVIS 








A powertul 
case for 


lOPID = 


( gemfibrozil) sans 


Raised low HDL 25% 


—in patients whose baseline HDL was below 
35 mg/dL in the landmark Helsinki Heart Study (HHS)3 


Reduced heart attack 
incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose 
baseline HDL was below the median (464 mg/dL). Incidence 
of serious coronary events was similar for LOPID and placebo 
subgroups with baseline HDL above the median (464 mg/dL)3 


Raised HDL levels 1% to 3 times 
more effectively than lovastatin 


—in a 12-week, double-blind, randomized trial among 
patients with moderate to severe hyperlipidemia. 
Lovastatin achieved greater reductions in total serum 
cholesterol than gemfibrozil in this study population’ 


RAISES HDL 
DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease 
(CHD) in Type llb patients with low HDL, in addition to elevated LDL 
and triglycerides, and who have had an inadequate response to weight 
loss, diet, exercise, and other pharmacologic agents such as bile acid 
sequestrants and nicotinic acid. 





“Defined as a combination of definite coronary death and/or definite 
myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in 
coronary heart disease. |. Lipid levels in 500 survivors of myocardial infarction. | Clin Invest. 
1973;52:1533-1543. 2. Assmann G, Schulte H. PROCAM-Trial: Prospective Cardiovascular Münster 
Trial. Zürich: Panscientia arag, 1986:8-9. 3. Data on file, Medical Affairs Dept, Parke-Davis 

4. Tikkanen MJ, Helve E, Jäättelä A, et al. Comparison between lovastatin and gemfibrozil in the 
treatment of primary hypercholesterolemia: the Finnish Multicenter Study. Am | Cardiol. 
1988;62:35}-43). 
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A Brief Summary follows. 


- CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 


2. Preexisting gallbladder disease (See WARNINGS). 
3. Hypersensitivity to gemfibrozil. 


WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 


~ tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 


wr 
~ 


studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 


-with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
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Study participants will provide further infor- 


jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 


developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known Cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 


_ treated than ina comparable placebo-treated control group. The excess mortality was 


due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 1/2 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1/2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 


mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3, Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 





- myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 


6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose. 

PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carci M impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than thc 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig ci 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifer 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur i 
humans with either of two otherdrugs of the fibrate class when liver biopsies were con 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 we 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that t 
effect was reversed after a drug-free period of about eight weeks, and it was not transn 
ted to the offspring. 

5, Pregnancy Category B—Reproduction studies have been performed in the rat i 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates obser\ 
at the high dose levels. No significant malformations were found among almost 400 of 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigeni 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontin 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, sever 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 mont 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including ele 
tions of AST (SGOT), ALT (SGPT), LDH, bil 
rubin, and alkaline phosphatase. These ai 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid ther 
should be terminated if abnormalities per 

9. Use in Children — Safety and efficac 
children have not been established. 
ADVERSE REACTIONS. In the double-b 
controlled phase of the Helsinki Heart Stu 
2046 patients received Lopid for up to 5 ye 
In that study, the following adverse reactic 
were statistically more frequent in subject: 
the Lopid group (placebo incidence in pa 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (11.9%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant diff 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.50 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7¢ 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common inthe 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects b 
where a causal relationship was not established include cataracts, peripheral vascul 
disease, and intracerebial hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurren 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver functior 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) ' 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 pati 

Additional adverse reactions that have been reported for gemfibrozil are listed belc 
by system. These are categorized according to whether a causal relationship to treat 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Centre 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, 
creased liver transaminases (AST [SGOT], ALT [SGPT]), increased alkaline phosphat 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extras 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confi 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertil 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenik 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecie 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preve 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987:317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decl 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorde 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inhen 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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Comparative studies demonstrate that 
nonionic media have a weaker inhibi- | 


tory effect on clotting in vitro than 
ionic media!“ The new labeling 
changes recently required for con- 
trast media reflect this difference in 
anticoagulant properties between 
nonionic and ionic media. _ 

When using any contrast agent, 
good angiographic technique is 
essential. However, even when 
meticulous technique is applied, some 
mixing of blood with contrast media in 
syringes and catheters is possible. 
Thromboembolic events have been 
„reported during angiographic pro- 


K cedures with both ionic and nonionic 
C 
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The low-osmolality choice 


If you’re looking for the safety and 
comfort of a low-osmolality contrast 
medium, without the increased risk of 
clotting in vitro, Hexabrix is an ideal 
choice. 

With the lowest osmolality (per mg 
iodine) of the low-osmolality agents, 
Hexabrix produces fewer hemody- 
namic changes, such as bradycardia 
or hypotension, than conventional 
agents?® More importantly, as an ionic 
medium, Hexabrix exerts a stronger 
inhibitory effect on clotting in vitro 
than the nonionics!“* 

This unique combination of benefits 
makes Hexabrix the low-osmolality 
choice for arteriography and PTCA. 


HEXABRIX' 


(ioxaglate meglumine 39.3%/ 
ioxaglate sodium 19.6% injection) 


* Piease see the adjacent page for references and brief summary of prescribing 
information, including complete warning statement. 
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ae 4 gography should not be performed during the menstrual 
period; in pregnant patients; in patients with known infection 
-in any portion of the genital tract; or in patients in whom 
Cervical conization or curettage has been performed within 
~ 30 days. Arthrography should not be performed if intec- 
tion is present in or near the joint. 


| WARNINGS 

~ vitro, more than nonionic contrast media. Nonetheless, it is 
7 prudent to avoid prolonged contact of blood with syringes con- 
-taining ionic contrast media. 

a Serious, rarely fatal, thromboembolic events causing 
myocardial infarction and stroke have been reported during 
angiographic procedures with both ionic and nonionic contrast 
media. Therefore, meticulous intravascular administration 


| technique is necessary, particularly during angiographic pro- 
| cedures, to minimize thromboembolic events. Numerous 
~ factors, including length of procedure. catheter and syringe 
Ly _ Material, underlying disease state. and concomitant medica- 
e+ tions may contribute to the development of thromboembolic 


events. For these reasons, meticulous angiographic tech- 
ie niques are recommended including close attention to guide- 
ge wire and catheter manipulation, use of manifold systems 
= and/or three-way stopcocks, frequent catheter flushing 
se with heparinized saline solutions and minimizing the length 
` of the procedure. The use of plastic syringes in place of glass 
ig syringes has been reported to decrease but not eliminate 
-the likelihood of in vitro clotting. 
iy As with any contrast medium, serious neurologic sequelae, 
t including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
of vessels supplying the spinal cord. The injection of a contrast 
medium should never be made following the administration 
of a ani since they strongly potentiate neuro- 


In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deterioration, 
including convulsions and death, has been reported. 

, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution. 

A delinite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma. In 
Such instances anuria has developed. resulting in progressive 
uremia, renal failure and eventually death. Although neither the 
contrast agent nor dehydration has separately proved to be the 
cause of anuria in myeloma, it has been speculated that the 
combination of both may be a causative factor. The risk in 
myelomatous patients is not a contraindication to the pro- 
cedure; however, partial dehydration in the preparation of 
these patients for the examination is not recommended since 
this may predispose to precipitation of myeloma protein in 
the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which 
occurs most in persons over 40, should be con- 
sidered before instituting intravascular administration of 


-Contrast agents. 
2 Administration of radiopaque materials to patients known 
j -Or suspected to have pheochromocytoma should be per- 
k formed with extreme caution. \f, in the opinion of the 
__ physician, the possible benefits of such procedures outweigh 
~ the considered risks, the procedures may be performed; 
j however, the amount of radiopaque medium injected should 
be kept to an absolute minimum. The blood pressure should be 
t the procedure, and measures for treat- 






































in patients with advanced renal disease, iodinated contrast 
_ media should be used with caution and only when the need for 
‘the examination dictates, since excretion of the medium may 
~ be impaired. Patients with combined renal and hepatic 
; _ disease, those with severe or congestive heart 
failure and recent renal transplant recipients present an 
additional risk. 


Renal failure has been reported in patients with liver 
agent 


mn should be exercised in performing contrast 
re Studies in patients with endotoxemia and/or those 

of thyroid storm occurring following the intra- 

: use of iodinated radiopaque agents in patients with 
or with an functioning thyroid 


drug. lodine-containing 

of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
studies. Such tests, if indicated, should be per- 
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responses. This has prompted the use of several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other man- 
ifestations of allergy has been established. The possibility of an 
idiosyncratic reaction in patients who have previously received 
a contrast medium without ill effect should always be consid- 
ered. Prior to the injection of any contrast medium, the patient 
should be questioned to obtain a medical history with empha- 
sis on allergy and itivity. A positive history of bron- 
chial asthma or allergy (including food), a family history of 
allergy, or a previous reaction or hypersensitivity to a contrast 
agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for 
reaction, although not necessarily the severity or type of reac- 
tion in the individual case. A positive history of this type does 
not arbitrarily contraindicate the use of a contrast agent when a 
diagnostic procedure is thought essential, but does call for 
caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and anti- 
histamines should be considered for patients who present with 
a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the inci- 
dence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be adminis- 
tered within 30 minutes of the contrast medium injection. 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions, but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

Genera! anesthesia may be indicated in the pertormance of 
some procedures in selected patients; however, a higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase 
the duration of contact of the contrast agent. 

Angiography should be avoided whenever possible in 
patients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 

Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure. 

When large individual doses are administered, sufficient 
time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection. 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart fail- 
ure, since this may lead to increased right side pressures with 
subsequent bradycardia and systemic hypotension. Patients 
with pulmonary disease present additional risks. 

Caution is advised in cyanotic infants since apnea, 
bradycardia, other arrhythmias and a tendency to acidosis are 
more likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography: During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable. 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility of 
aggravating the pre-existing condition. Hypotension should be 
corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hyper- 
tension, or stenotic pulmonary vascular beds because of 

ic changes which may occur after injection into 
the right heart outflow tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) in- 
jections. This change is usually transient and requires no 
treatment: however, the blood pressure should be monitored 
for approximately ten minutes following injection. 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is 

_ This is especially important in patients with 
severe arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompen- 
sation, senility, recent cerebral thrombosis or embolism, and 
migraine. 

Intra-Arterial Digital Subtraction Angiography: The risks 
associated with |A-DSA are those usually attendant with cathe- 
ter procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and 
immobilization of the limb for several hours to prevent 

from the site of arterial puncture. 

Patient motion. including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography: The risks 
associated with IV-DSA include those usually attendant with 
catheter procedures and include ie injections, vessel 
dissection and tissue extravasation. The potential risk is re- 
duced when small test injections of contrast medium are made 
under fluoroscopic observation to insure that the catheter tip is 

positioned and, in the case of peripheral placement, 
that the vein is of adequate size. 

Patient motion, including respiration and swallowing, can 

result in misregistration leading to image degradation and 
non-diagnostic studies. 
Peripheral Venography: Special care is required when 
venography is performed in patients with suspected 
thrombosis. phlebitis, severe ischemic disease, local infection 
or a totally obstructed venous system. 

Extreme caution during injection of contrast media is 
necessary to avoid extravasation and fluoroscopy is 
recommended. This is important in patients with 
severe arterial or venous disease. 

Excretory Urography: \ntants and small children should 
not have any fluid restrictions prior to excretory urography. 
(See WARNING and PRECAUTIONS concerning preparatory 
dehydration.) bs e 
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Contrast Enhancement in Body Computed Tomography: 
Patient cooperation is essential since patient motion. including 
respiration, can markedly affect image quality. The use of an 
intravascular contrast medium can obscure tumors in patients 
undergoing CT evaluation of the liver, resulting in a faise nega- 
tive diagnosis. Dynamic CT scanning is the procedure of 
choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pre- 
vent the introduction of infection. Fluoroscopic control should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection and 
prevent the dilution of the contrast agent. It is important that 
undue pressure not be exerted during the injection. 

Hysterosalpingography. Caution should be exercised in 

patients suspected of having cervical or tubal carcinoma to 
avoid oa pean spread of the lesion by the procedure. 
Delayed onset of pain and fever (1-2 days) may be indicative of 
pelvic infection. 
is, Mutagenesis, Impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However. animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males 
or females. 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, no adequaie and well controlled studies in preg- 
nant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: \oxagiate salts are excreted unchanged in 
human milk. Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of 
this drug. 

Pediatric Use: Satety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography. Data have not been submitted to sup- 
port the safety and effectiveness of HEXABRIX in any other 

(Precautions for specific procedures receive comment 
under that procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media fall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical 
properties of the contrast media, the dose and the speed 
of injection. All hemodynamic disturbances and injuries 
to organs or vessels perfused by the contrast medium are 
included in this category. 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years = 
idiosyncratic reactions may or may not be dependent on the 
dose injected, the speed of injection, the mode of injection and 
the radiographic procedure. Idiosyncratic reactions are 
subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe 
reactions are life-threatening and treatment is urgent and 
mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered. 

Severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later: the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the 
administration of conventional iodinated contrast agents 
range from 6.6 per 1 million (0.00066 percent) to 1 in 
10,000 patients (0.01 percent). 

Regardless of the contrast agent empioyed, the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. 
Cardiac decompensation, serious arrhythmias, or myo- 
cardial ischemia or infarction may occur during coronary 
artenography and left ventriculography. 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a feeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following: 

Hypersensitivity reactions: Dermal manifestations of 
urticaria with or without pruritus, erythema and maculopapu- 
lar rash. Dry mouth. Sweating. Conjunctival symptoms. 
Facial, peripheral and angioneurotic edema. Symptoms 
related to the respiratory system include sneezing, nasal 
stuffiness, coughing, choking, dyspnea, chest tightness and 
wheezing, which may be initial manifestations of more severe 
and infrequent reactions including asthmatic attack, laryngo- 
spasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type 
reactions can progress into anaphylaxis with loss of con- 
sciousness, coma, severe cardiovascular disturbances. 
and death. 





reported. cardiovascular responses include rare c 
of hypotensive shock. coronary insufficiency. car 
arrhythmia, fibrillation and arrest. These severe reaction: 
usually reversible with poe and appropriate managen 
however, fatalities have occurred 

Technique reactions: Extravasation with burning | 
hematomas, ecchymosis and tissue necrosis, vasi 
constriction due to injection rate, thrombosis 
thrombophlebitis. 

Neurological reactions: Spasm. convulsions, aphasia, 
cope, paresis, paralysis resulting from spinal cord injury 
pathology associated with the syndrome of transv 
myelitis. visual field losses which are usually transient but 
be permanent, coma and death. 

Other reactions: Headache. trembling, Regs í 


Pediatric angiocardiography has been complicate 
intramural injection with marked adverse effects on ca 


During selective coronary arteriography with or withot 
ventriculography, patients may have clinically insignit 
ECG changes. The following adverse effects have occurt 
conjunction with the administration of iodinated intravas 
contrast agents for this procedure: hypotension, st 
anginal pain, myocardial infarction. cardiac arrhyth 
(bradycardia, ventricular tachycardia, ventricular fibrille 
and cardiac arrest. Fatalities have been reported. ( 
plications to the procedure include dissection of core 
arteries, dislodgement of atheromatous plaques, perfora 
hemorrhage and thrombosis. 

Following peripheral arteriography, hemorrhage 
thrombosis have occurred at the puncture site of the 
cutaneous injection. Brachial plexus injury has been repi 
following axillary artery injection. 

The major causes of cerebral ic adverse 
tions appear to be repeated morons of the contrast mat 


technique 

mally mild and transient. A feeling of warmth in the fac 
neck is frequently experienced. infrequently, a more $ 
burning discomfort is observed. Transient visual hallu 
tions have been reported. Serious neurological reaction: 
have been associated with cerebral angiography and not) 
under Adverse Reactions include stroke, amnesia and res 
tory difficulties. Visual field defects with anopsia and revel 
neurological deficit lasting from 24 hours to 48 hours 
been reported. Confusion, disorientation with hallucins 
and absence of vision sometimes lasting for one week 
also been reported. Cardiovascular reactions that may ( 
with some frequency are bradycardia and either an increa 
decrease in systemic blood pressure. The blood pre: 
change is transient and usually requires no treatn 
Arthrography may induce joint pain or discomfort whi 
usually mild and transient but occasionally may be $ 
and persist for 24 to 48 hours following the proce: 
Effusion requiring aspiration may occur in patients 
rheumatoid arthritis. Fever and pain, cramping and te 
ness of the abdomen have been reported follo 
hysterosalpingography. 


OVERDOSAGE 
Overdosages may occur. The adverse effects of overd 
are life-threatening and affect mainly the pulmonary am 
diovascular systems. The symptoms may include cyar 

acidosis, hemorrhage, convuls 


bradycardia, 

coma and cardiac arrest. Treatment of an overdose is dir 
toward the support of all vital functions and prompt instit 
of symptomatic therapy. 

Wyasa a en go 
The intravenous LDs59 values of HEXABRIX (in grar 

iodine/kilogram body weight) were 11. 2 git ot wack 
g/kg in rats, >6.4 g/kg in rabbits and > 10.2 g/kg ìn 1 


DOSAGE AND ADMINISTRATIO 
ne Eg M ieta m tee 
SULT FULL PACKAGE INSERT 
Rev. Nov. 1989. 


References: 
1. Engelhart JA, Smith DC, Maloney MD, et al. A techniq) 
estimating the probability of clots in blood/contrast 
mixtures. Invest Radiol. 1988;23:923-927. 
2. Stormorken H, Skalpe I0, Testart MC. Effect of various 
trast media on coagulation, fibrinolysis, and platelet fun 
an in vitro and in vivo study. /nvest Radiol. 1986;21:348- 
3. Mosier LD, Joist JH, Chance D, et al. ei 
ionic and nonionic contrast media on coagulation, pi 
function, and fibrinolysis. Presented at the 73rd Meeting 
Resi SCY pi OS eee ae 


Chicago, IL 

4. Ing JJ, Smith DC, Bull BS. Diftering mechanisms of ch 

inhibition by ionic and nonionic contrast agents. Radic 

1989;172:345-348. 

5. Hirshteld JW, Laskey W, Martin JL, et al. Hemodyr 
angiography with 


. Comparison 
abrix and Renografin-76 following following left ventriculography 
coronary “nied sis Invest Radiol. 1984;19(sup 





Changing the look of medicine. 


Mallinckrodt Medical, inc. 


An operating unit of 


Mallinckrodt, Inc. 


Post Office Box 5840 


St. Louis, MO 63134 


© 1989 Mallinckrodt Medical, Inc. 


+Licensed by Guerbet, S.A. Registered U.S. Patent and Trademark Ofi 


Maig AEN F Sakan E 


American 
Journal 


of 
Cardiology 





EDITOR IN CHIEF 
William C. Roberts, MD 


ASSOCIATE EDITORS 
William P. Baker, MD, PhD 
Paul A. Tibbits, MD 


MANAGING EDITOR 


Margaret E. Phelan 


COPY EDITOR 
Richard Friel 


PRODUCTION EDITOR 
Philip V. Bagdon 


PROOF READERS 


Arlene Herring 
William Weber 


EDITORIAL ASSISTANT 
Audrey McLean 
ASSISTANT TO THE EDITOR 
Lucy L. Whitener 


PUBLISHER 


Joseph L. Navitsky 





Cahners Publishing Company, A Division of Reed Publishing USA O 
Specialized Business Magazines for Building and Construction O Man- 
ufacturing O Foodservice and Lodging O Electronics and Computers O 
Interior Design O Printing O Publishing O Industrial Research and 
Technology © Health Care O Entertainment. Specialized consumer 
magazines: American Baby and Modern Bride. 

THE AMERICAN JOURNAL OF CARDIOLOGY ® (ISSN 0002- 
9149) April 15, 1990, Vol. 65, No. 15 (USPS: 505-750). 

Member, American Business Press, Inc. and Audit Bureau of Circula- 
tions. Published 3 times a month in April, May and November, and 4 
times in January, February, March, June, July, August, September, 
October and December, by Cahners Publishing Company, a Division of 
Reed Publishing USA, 275 Washington St., Newton, MA 02158-1630. 
Terrence M. McDermott, President: Robert T. Brawn, Senior Vice Pres- 
ident/General Manager; Jerry D. Neth, Senior Vice President /Publish- 
ing Operations; J.J. Walsh, Senior Vice President/ Finance: Thomas J. 
Dellamaria, Senior Vice President/ Production and Manufacturing. Ex- 
ecutive, Editorial and Advertising Offices: 249 West 17th Street, New 
York, NY 10011. Printed in Easton, PA. 

SUBSCRIPTIONS: Solicited only from cardiologists and other physi- 
cians. Publisher reserves the right to refuse unqualified subscribers. 
Subscribers agree that no article or any part thereof published in any 
editions of The American Journal of Cardiology received under this 
subscription agreement may be copied, recorded or reproduced in any 
form or by any means, electronic or mechanical, including, among other 
things, photocopying or the storing of part or all of such articles on any 
information retrieval system, without the written permission of the Pub- 
lisher. Address correspondence regarding subscriptions and changes of 
address to: THE AMERICAN JOURNAL OF CARDIOLOGY, 44 
Cook Street, Denver, Colorado 80206-5800 or call 1-800-637-6073, 
Please include your zip code and, in case of change of address, copy of old 
address label. Changes of address must reach the Journal one month 
preceding month of issue. Single copy price: Regular issues $10.00, 
symposium and special issues $1 2.00. Subscription rate for individuals in 
field of publication: United States | year $66, 2 years $112: 3 years $158; 
Canada and all other countries | year $105, 2 years $178, 3 years $252. 
Residents, Interns, Medical Students: US I year $33, Canada and all 
other countries | year $85. US institutions | year $95, 2 years $162, 3 
years $228; Canada and all other countries | year $125, 2 years $213, 3 
years $300. Air mail: additional charge of $150 per year. The Journal is 
not responsible for replacing missing issues unless the Circulation De- 
partment is notified of nonreceipt within 3 months of issue date. 
Circulation records are maintained at 44 Cook Street, Denver, CO 
$0206. Second class postage paid at Denver, CO, and at additional 
mailing office. Printed in USA Trademark™ in US Patent Office. © 
ph Ok 1990 by Reed Publishing USA — Ronald G. Segel, Chairman 
and CEO; Robert L. Krakoff, President and Chief Operating Officer; 
William M. Platt, Senior Vice President. All rights reserved. No part of 
this publication may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, including photocopying, recording or 
by any information storage retrieval system, without permission of the 
copyright owner. Prices on bulk reprints of articles available on request. 
The Publisher assumes no liability for any material published in the 
Journal, All statements are the responsibility of the authors. 
MANUSCRIPTS: Address all manuscripts to William C. Roberts, 
MD, Editor in Chief, The American Journal of Cardiology, 7960 Old 
Georgetown Road, Suite 2C, Bethesda, Maryland 20814. “Instruc- 
tions to Authors,” page A69. 

POSTMASTER: Send address changes to: The American Journal of 
Cardiology. 44 Cook Street, Denver, Colorado 80206-5800. 


AÁ u "a a < . 


CARDIOVASCULAR MEDICINE 
Adults 

Jonathan Abrams 
Robert J. Adolph 
Masood Akhtar 
Joseph S. Alpert 
Jeffrey Anderson 
William F. Armstrong 
Thomas M. Bashore 
George A. Beller 
David. G. Benditt 
William E. Boden 
Robert O. Bonow 
Eugene Braunwald 
Alfred E. Buxton 
Michael E. Cain 
Richard O. Cannon, III 
Agustin Castellanos 
Bernard R. Chaitman 
Kanu Chatterjee 
John S. Child 

Peter F. Cohn 

C. Richard Conti 
Michael H. Crawford 
Robert F. DeBusk 
Gregory J. Dehmer 
Pablo Denes 

George A. Diamond 
John P. DiMarco 
Pamela S. Douglas 
Myrvin H. Ellestad 
Stephen E. Epstein 
Harvey Feigenbaum 
Robert L. Feldman 
Jack Ferlinz 

Frank A. Finnerty, Jr. 
Brian G. Firth 
Jerome L. Fleg 
Gerald Fletcher 
James S. Forrester 
Joseph A. Franciosa 
Gary S. Francis 

W. Bruce Fye 
William H. Gaasch 
William Ganz 

Julius M. Gardin 
Bernard Gersh 

D. Luke Glancy 
Robert E. Goldstein 
Sidney Goldstein 
Antonio M. Gotto, Jr. 
Donald C. Harrison 
Richard H. Helfant 
Philip D. Henry 
Frederick A. Heupler, Jr. 
L. David Hillis 
Jeffrey M. Hoeg 

Jay Hollman 

David R. Holmes, Jr. 
Leonard N. Horowitz 
Adolph M. Hutter, Jr. 
Abdulmassih S. Iskandrian 
Jeffrey M. Isner 
William B. Kannel 
Norman M. Kaplan 
Joel S. Karliner 

John A. Kastor 
Harold L. Kennedy 
Kenneth M. Kent 
Richard E. Kerber 
Spencer B. King, III 
George J. Klein 
Lloyd W. Klein 
Robert A. Kloner 
John Kostis 

Morris N. Kotler 
Arthur J. Labovitz 
Carl V. Leier 
Herbert J. Levine 
Joseph Lindsay, Jr. 
G.B. John Mancini 
Francis E. Marchlinski 
Frank I. Marcus 
Randolph P. Martin 


Dean T. Mason 
Jawahar Mehta, 
Richard S. Meltzer 
Franz H. Messerli 
Eric L. Michelson 
Michael Mock 

Fred Morady 

Joel Morganroth 
Arthur J. Moss 
Robert J. Myerburg 
Navin C. Nanda 
Robert A. O’Rourke 
Natesa Pandian 
Eugene R. Passamani 
Alan S. Pearlman 
Carl J. Pepine 
Joseph K. Perloff 
Bertram Pitt 

Philip J. Podrid 
Charles E. Rackley 
Nathaniel Reichek 
James L. Ritchie 
Robert Roberts 
Allan M. Ross 
Melvin M. Scheinman 
Nelson B. Schiller 
Ralph Shabetai 
Pravin M. Shah 
Florence H. Sheehan 
Bramah N. Singh 
John C. Somberg 
David H. Spodick 
Eric J. Topol 
Robert Vogel 
Richard A. Walsh 
David D. Waters 
Nanette K. Wenger 
James T. Willerson 
John R. Wilson 
Salim Yusuf 

Barry L. Zaret 
Douglas P. Zipes 


Infants and Children 
Hugh D. Allen 

Bruce S. Alpert 

D. Woodrow Benson, Jr. 
Arthur Garson, Jr. 
Warren G. Guntheroth 
Howard P. Gutgesell 
James E. Lock 

Barry J. Maron 

Lowell W. Perry 
Amnon Rosenthal 
David J. Sahn 

Stephen Sanders 
Norman H. Silverman 
A. Rebecca Snider 
L.H.S. Van Mierop 
Roberta G. Williams 
Grace S. Wolff 

J.R. Zuberbuhler 


CARDIOVASCULAR SURGERY 
Harvey W. Bender, Jr. 
Lawrence I. Bonchek 
Aldo R. Castaneda 
Lawrence H. Cohn 
James L. Cox 

Charles R. Hatcher, Jr. 
Robert H. Jones 

Robert B. Karp 

Floyd D. Loop 

H. Newland Oldham, Jr. 
Albert D. Pacifico 

Bruce A. Reitz 

Robert B. Wallace 
Andrew S. Wechsler 


RELATED SPECIALISTS 
Victor J. Ferrans 

Jeffrey Saffitz 

H. William Strauss 
Richard Van Praagh 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15, 1990 AS 








S. David Gertz, Jay M. Kalan, Amy H. Kragel, William C. 
Roberts, Eugene Braunwald, and The TIMI Investigators 


In studies of the hearts of 52 patients who participated in the 
Thrombolysis in Myocardial Infarction study, we found that 
although the frequency of hemorrhagic infarction increases af- 
ter thrombolytic therapy, the hemorrhage does not appear to 
extend the infarct, patients with hemorrhagic infarcts (com- 
pared to those with nonhemorrhagic infarcts) had no greater 
frequency of myocardial rupture or cardiogenic shock, and 
those with hemorrhagic infarcts had more nonocclusive throm- 
bi and fewer right ventricular infarcts. 


Mechanisms of 

Negative T-Wave Normalization Studied by Serial 
Cardiokymogram in Patients with a Previous 
Myocardial Infarction 

Takeshi Ogawa, Masanori Ishii, Kaname lida, Keiji lida, 
Ryuichi Ajisaka, lwao Yamaguchi, Yasuro Sugishita, and 
Iwao Ito 


Seventeen patients with a previous myocardial infarction were 
studied during pacing protocols to characterize the clinical cor- 
relates of ST elevation, to analyze the relation between ST 
elevation and negative T-wave normalization and to investigate 
the mechanisms of these electrocardiographic changes. Our 
results suggest that ST elevation and negative T-wave normal- 
ization are caused by abnormal left ventricular wall motion 
rather than myocardial ischemia and the latter is a more sensi- 
tive indicator of wall motion abnormalities than ST elevation 
in patients with a previous myocardial infarction. 


| MY oR? E N ee oe 
Heparin and Infarct Coronary Artery Patency After 
Streptokinase in Acute Infarction 

Edward F. Mahan, Ill, Jerry W. Chandler, William J. Rogers, 
Hrudaya R. Nath, L. Richard Smith, Patrick L. Whitlow, 
William P. Hood, Russell C. Reeves, and William A. Baxley 


The role of duration of heparin therapy in maintaining infarct 
artery patency was studied retrospectively in 53 consecutive 
patients with acute myocardial infarction who received strepto- 
kinase therapy and underwent coronary angiography acutely 
and at 14 + 1 days. At least 4 days of intravenous heparin 
therapy after successful streptokinase therapy in AMI is more 
effective in maintaining short-term infarct artery patency than 


a shorter duration of therapy, and it may maintain the short- 


term patency of the infarct vessel in those patients who later 
spontaneously recanalize. The hemorrhagic complication risk 
is not increased in comparison to the shorter duration of 
heparinization. 
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Diagnostic Features of Body Surface Potential Maps in 

953 Patients with Myocardial Ischemia and Normal Resting 
Cardiac Morphologic in Patients with Acute 12-Lead ams 
Myocardial Infarction Treated with Recombinant Ezio Musso, Donatella Stilli, Emilio Macchi, Beatrice Aimi, 
Tissue Activator Paolo Francescon, Livio Dei Cas, Carlo Manca, 


Michail Kavadias, and Fred Kornreich 


Body surface maps recorded from 35 ischemic patients with 
normal resting 12-lead electrocardiograms were compared 
with those obtained from 36 age- and sex-matched normal 
subjects. A model was produced by stepwise discriminant anal- 
ysis that led to a correct classification of 92% of normal sub- 
jects and 91% of patients using the jacknife procedure. The 
discriminant function was successfully tested on a new popula- 
tion of 54 normal subjects and 27 patients originating from 
another laboratory; the classification resulted in a specificity of 
87% and a sensitivity of 85%. 


OUD nnna a 
Risk Factors for Progression of Atherosclerosis Six 
Months After Balloon Angioplasty of Coronary 


Stenosis 
Daniel Benchimol, Hélène Benchimol, Jacques Bonnet, Jean- 
François Dartigues, Thierry Couffinhal, and Henri Bricaud 


To assess the progression of coronary artery disease after 
percutaneous transluminal coronary angioplasty and its rela- 
tion to risk factors and restenosis, 124 patients with routine 
follow-up angiography were studied (PTCA for myocardial 
infarction excluded). Restenosis and progression were assessed 
by a videodensitometric computer-assisted technique. Forty- 
one patients had restenosis. Among 23 patients with progres- 
sion, 20 had restenosis. Univariate correlates of progression 
were previous myocardial infarction, higher Jenkins’ score and 
restenosis. Restenosis was the only multivariate correlate. Pro- 
gression after PTCA is not rare, and is related to the initial 
extent of coronary artery disease and restenosis. 


SOS Ee eee 
Metabolic and Functional Effects of Perfluorocarbon 
Distal Perfusion During Coronary Angioplasty 

Lawrence H. Young, C. Carl Jaffe, James H. Revkin, 

Patrick H. McNulty, and Michael Cleman 


Myocardial lactate metabolism and left ventricular function 
were studied in 12 patients during angioplasty of the left ante- 
rior descending artery performed with distal coronary perfu- 
sion (oxygenated and nonoxygenated Fluosol) and by conven- 
tional technique without distal perfusion. Although oxygenat- 
ed perfluorocarbons decrease cardiac lactate release during an- 
gioplasty, this study provides evidence for the onset of lactate 
production even when ventricular function is preserved. 


991 

Detection of Human Collateral Circulation by 
Vasodilation—Thallium-201 T y 
Christoph A. Nienaber, Detlef Salge, Rolf P. Spielmann, 
Ricardo Montz, and Walter Bleifeld 


The physiologic significance of collateral channels was as- 
sessed in 80 patients after infarction using vasodilation—redis- 
tribution thallium-201 tomographic imaging. Prospective anal- 
ysis showed that the tomographic perfusion pattern of com- 
bined periinfarctional and distant redistribution revealed a sen- 
sitivity of 85% and a specificity of 78% for detection of 
significant collateral circulation in these patients. Vasodila- 
tion-thallium-201 imaging has the potential to identify and 
quantitate collateralized myocardium in postinfarction 
patients. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


See EMIS: OSES ees Acard =O ele Ry OR ee EA cea nS 
Acute Changes in Pacing Threshold and R- or P-Wave 


Amplitude During Permanent Pacemaker Implantation 
Michael de Buitleir, William H. Kou, Stephen Schmaltz, and 
Fred Morady 


We examined the changes in pacing threshold and R- or P- 
wave amplitude during the first 30 minutes after implantation 
of 4 different types of tined and screw-in leads from the same 
manufacturer in patients undergoing pacemaker implantation. 
There was a significant decrease in the acute pacing threshold 
with both types of leads, with the maximum change generally 
occurring by 5 minutes after lead implantation. Thus, when a 
lead has a satisfactory radiographic position but a marginal 
acute pacing threshold, it is reasonable to wait 5 minutes and 
reassesss the pacing threshold. 


VALVULAR HEART DISEASE 


VSS Oita BRP URE erase ARES Cee een ee See 
Effect of Depressed Left Ventricular Function on 
Hemodynamics of Normal St. Jude Medical Prosthesis 
in the Aortic Valve Position 

Jian-Fang Ren, Krishnaswamy Chandrasekaran, Gary S. 
Mintz, John Ross, Ronald S. Pennock, and William S. Frankl 


The effect of depressed left ventricular ejection fraction on 
Doppler-derived transprosthetic hemodynamic indexes was 
evaluated in 74 patients with normally functioning aortic valve 
prosthesis. Patients with normal LVEF generally had the high- 
est values of the peak and mean gradients, whereas those with 
depressed LVEF had the lowest values. Velocity time integral 
and peak acceleration measurements also decreased with wors- 
ening LVEF. A significant inverse correlation for Doppler- 
derived peak and mean gradients and velocity time integral 
measurements was demonstrated with increasing prosthetic 
sizes from 19 to 29 mm. Thus, in addition to valve size, 
LV function should be considered another important factor in 
detecting prosthetic valvular flow characteristics and 
dysfunction. 





MISCELLANEOUS 


OT nn i meee 
Training Effects of Long Versus Short Bouts of 
Exercise in Healthy Subjects 

Robert F. DeBusk, Ulf Stenestrand, Mary Sheehan, and 
William L. Haskell 


The physiologic effects of a single “long” (30 minutes) exercise 
bout were compared with those of 3 “short” (10 minutes) 
bouts of training at a comparable intensity 5 days/week over 
an 8-week period in 36 healthy middled-aged men. Data indi- 
cate that multiple short bouts of moderate-intensity exercise 
training significantly increase peak oxygen uptake. For many 
individuals short bouts of exercise training may fit better into a 
busy schedule than a single long bout. 
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The Sleep 

(Operation Everest Il) 
Mark Malconian, Herbert Hultgren, Masao Nitta, James 
Anholm, Charles Houston, and Howard Fails 


am at Extreme Altitudes 


To evaluate the effect of sleep at extreme altitudes on heart 
rate and rhythm, continuous sleep monitoring was performed 
in 8 normal young men during a 40-day simulated ascent of 
Mt. Everest in a hypobaric chamber. Recordings were made 
for 1 hour before sleep, during sleep and for 1 hour after awak- 
ening in all subjects at 760 torr (sea level), in 7 subjects at 390 
torr (5,490 m), in 6 at 347 torr (6,100 m) and in 4 at 282 torr 
(7,620 m). Data indicate that during sleep in normal young 
subjects at high altitude, cycling of the heart rate with periodic 
breathing is common, as are bradyarrhythmias. 
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Angiographic Assessment of Left Ventricular Volume, 
Afterlioad and Contractile State in Normal Children 
Tetsuya Sano, Minoru Ogawa, Kazuhiro Taniguchi, Toru 
Nakajima, Tohru Matsushita, Futoshi Kayatani, Jun Arisawa, 
Susumu Nakano, and Yasunaru Kawashima 


Left ventricular volume, mass and end-systolic stress were de- 
termined angiographically in 20 normal children aged 3 
months to 16 years. Data indicate that the LV mass increased 
adequately in response to the extensive increase in LV cavity 
volume to maintain the end-systolic stress during growth in 
childhood and that the physiologic cardiac growth was associ- 
ated with appropriate hypertrophy with no significant change 
in LV contractile state. 


A ae ths ae! AE is mee ONNE LHe NATE 47] Mi 
Effects of Sample Volume Location, Imaging View, 
Heart Rate and Age on Tricuspid Velocimetry in 
Normal Subjects 

Gail O. Berman, Nathaniel Reichek, Deanna Brownson, and 
Pamela S. Douglas 
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Sample volume location is important in measuring left ventric- 
ular inflow velocities, and heart rate and age affect left ventric- 
ular Doppler indexes. In this study, pulsed Doppler recordings 
of right and left ventricular inflow were obtained in 41 normal 
subjects. Results show that tricuspid velocimetry is similarly 
sensitive and that standardization of methodology and estab- 
lishment of accurate normal values are necessary. 
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Comparison of Echocardiographic Quantitation of Left 
Ventricular Ejection Fraction to Radionuclide 
Angiography in Patients with Regional Wall 

Motion Abnormalities 

Glenn Albin and Peter S. Rahko 
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Rupture of the Left Ventricular Free Wall During Acute 
Hemopericardium 


Myocardial Infarction Without 
William C. Roberts 


1034 
Usefulness of 
During “Routine” Angiography 

Alan D. Kogan, Jose Ballesteros, Ahmed U. Jamaluddin, and 
Alfred J. Anderson 
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Right-Sided Cardiac Catheterization 


Electrophysiologic Effects of Oral Theophylline in Sinus 
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Cardizem decreases 
peripheral resistance anq 
myocardial work load” 
— $O patients can do more 


Cardizem has little 
or no effect on myocardial 
contractile force“ 

— WIth virtually no clinically 
significant negative inotropic 
effect in patients with 

normal LV function~”* 


“Caution should be used in patients with CHF. 


tCARDIZEM” (diltiazem HCI) is indicated in the treatment of angina 
l pectoris due to coronary artery spasm and in the management of 
>> Chronic stable angina (classic effort-associated angina) in patients who 


cannot tolerate therapy with beta-blockers and/or nitratesor who remain 
symptomatic despite adequate doses of these àgents. 
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BRIEF SUMMARY 


CARDIZEM * 
(diltiazem HCI) Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pace- 
maker, (2) patients with second- or third-degree AV block except in 
the presence of a functioning ventricular pacemaker, (3) patients 
with hypotension (less than 90 mm Hg systolic), (4) patients who 
have demonstrated hypersensitivity to the drug, and (5) patients 
with acute myocardial infarction and pulmonary congestion docu- 
mented by x-ray on admission. 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory 
periods without significantly prolonging sinus node recovery 
time, except in patients with sick sinus syndrome. This effect 
may rarely result in abnormally slow heart rates (particularly in 
patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's on- 
gina developed periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations, hemody- 
namic studies in humans with normal ventricular function have 
not shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in pa- 
tients with impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension 

4. Acute Hepatic Injury. in rare instances, significant elevations in 
enzymes such as alkaline phosphatase, LDH, SGOT, SGPT, and 
other phenomena consistent with acute hepatic injury have 
been noted. These reactions have been reversible upon discon- 
tinuation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively 
metabolized by the liver and excreted by the kidneys and in bile. As 
with any drug given over prolonged periods, laboratory parameters 
should be monitored at regular intervals. The drug should be used 
with caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed to produce 
toxicity, high doses of diltiazem were associated with hepatic dam- 
age. In special subacute hepatic studies, oral doses of 125 mg/kg 
and higher in rats were associated with histological changes in the 
liver which were reversible when the drug was discontinued. In 
dogs, doses of 20 mg/kg were also associated with hepatic 
changes; however, these changes were reversible with continued 
dosing. 

Dermatological events (see ADVERSE REACTIONS section) may 
be transient and may disappear despite continued use of 
CARDIZEM. However, skin eruptions progressing to erythema mul- 
tiforme and/or exfoliative dermatitis have also been infrequently 
reported. Should a dermatologic reaction persist, the drug should 
be discontinued 

Drug Interaction. Due to the potential for additive effects, caution 
and careful titration are warranted in patients receiving CARDIZEM 
concomitantly with any agents known to affect cardiac contractility 
and/or conduction. (See WARNINGS. ) 

Pharmacologic studies indicate that there may be additive effects 
in prolonging AV conduction when using beta-blockers or digitalis 
concomitantly with CARDIZEM. (See WARNINGS. ) 

As with all drugs, care should be exercised when treating poa- 
tients with multiple medications. CARDIZEM undergoes biotrans- 
formation by cytochrome P-450 mixed function oxidase 
Coadministration of CARDIZEM with other agents which follow the 
some route of biotransformation may result in the competitive 
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inhibition of metabolism. Dosages of similarly metabolized drugs, 
particularly those of low therapeutic ratio or in patients with renal 
and/or hepatic impairment, may require adjustment when starting 
or stopping concomitantly administered CARDIZEM to maintain 
optimum therapeutic blood levels 

Beta-blockers: Controlled and uncontrolled domestic studies 
suggest that concomitant use of CARDIZEM and beta-blockers or 
digitalis is usually well tolerated. Available data are not sufficient, 
however, to predict the effects of concomitant treatment, particularly 
in patients with left ventricular dysfunction or cardiac conduction 
abnormalities 

Administration of CARDIZEM (diltiazem hydrochloride) concom- 
itantly with propranolol in five normal volunteers resulted in in- 
creased propranolol levels in all subjects and bioavailability of 
propranolol was increased approximately 50%. If combination 
therapy is initiated or withdrawn in conjunction with propranolol, an 
adjustment in the propranolol dose may be warranted. (See 
WARNINGS. ) 

Cimetidine: A study in six healthy volunteers has shown a 
Significant increase in peak diltiazem plasma levels (58%) and 
area-under-the-curve (53%) after a 1 -week course of cimetidine at 
1,200 mg per day and diltiazem 60 mg per day. Ranitidine pro- 
duced smaller, nonsignificant increases. The effect may be me- 
diated by cimetidine’s known inhibition of hepatic cytochrome 
P-450, the enzyme system probably responsible for the first-pass 
metabolism of diltiazem. Patients currently receiving diltiazem ther- 
apy should be carefully monitored for a change in pharmacological 
effect when initiating and discontinuing therapy with cimetidine. An 
adjustment in the diltiazem dose may be warranted. 

Digitalis: Administration of CARDIZEM with digoxin in 24 
healthy male subjects increased plasma digoxin concentrations 
approximately 20%. Another investigator found no increase in 
digoxin levels in 12 patients with coronary artery disease. Since 
there have been conflicting results regarding the effect of digoxin 
levels, it is recommended that digoxin levels be monitored when 
initiating, adjusting, and discontinuing CARDIZEM therapy to avoid 
possible over- or under-digitalization. (See WARNINGS.) 

Anesthetics: The depression of cardiac contractility, conducti- 
vity, and automaticity as well as the vascular dilation associated 
with anesthetics may be potentiated by calcium channel blockers 
When used concomitantly, anesthetics and calcium blockers 
should be titrated carefully 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24- 
month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to 
cause skeletal abnormalities. In the perinatal/postnatal studies, 
there was some reduction in early individual pup weights and 
survival rates. There was an increased incidence of stillbirths at 
doses of 20 times the human dose or greater 





Usual maintenance dosage: 
180 to 360 mg/day 


CARDIZEM.: 


MAKING THE DIFFERENCE IN ANGINA 


There are no well-controlled studies in pregnant women; there- 
fore, use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus 

Nursing Mothers. Diltiazem is excreted in human milk. One 
report suggests that concentrations in breast milk may approximate 
serum levels. If use of CARDIZEM is deemed essential, an alterna- 
tive method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventric- 
ular function and cardiac conduction abnormalities have usually 
been excluded 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacol- 
ogy of calcium influx inhibition. In many cases, the relationship to 
CARDIZEM has not been established. The most common occur- 
rences as well as their frequency of presentation are: edema 
(2.4%), headache (2.1%), nausea (1.9%), dizziness (1.5%), 
rash (1.3%), asthenia (1.2%). In addition, the following events 
were reported infrequently (less than 1%): 

Cardiovascular: Angina, arrhythmia, AV block (first degree), AV 
block (second or third degree — see conduc- 
tion warning), bradycardia, congestive heart 
failure, flushing, hypotension, palpitations, 
syncope 

Nervous System: Amnesia, depression, gait abnormality, halluci- 
nations, insomnia, nervousness, paresthesia, 
personality change, somnolence, tinnitus, 
tremor. 

Gastrointestinal: Anorexia, constipation, diarrhea, dysgeusia, 

dyspepsia, mild elevations of alkaline phos- 

phatase, SGOT, SGPT, and LDH (see hepatic 
warnings), vomiting, weight increase. 

Petechiae, pruritus, photosensitivity, urticaria 

Amblyopia, CPK elevation, dyspnea, epistaxis, 

eye irritation, hyperglycemia, nasal congestion, 

nocturia, osteoarticular pain, polyuria, sexual 
difficulties. 

The following postmarketing events have been reported infre- 
quently in patients receiving CARDIZEM: alopecia, gingival hyper- 
plasia, erythema multiforme, and leukopenia. However, a definitive 
Cause and effect between these events and CARDIZEM therapy is yet 
to be established 
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No longer will 
increasing your 
ad budget 
be an 
act of faith. 


tracked ads for four totally different it 


About $3 billion a year is spent on business 
press advertising—yet amazingly little concrete 
evidence has existed to show whether it really 
works. 

Research to actually prove the effectiveness 
of trade and industrial advertising has been 
unconvincing and inconclusive. 

Till now. 


Finally. New research proves business 
press advertising dramatically increases 
sales and profits. 
Its comprehensive. This landmark research 
study took more than three years to complete 
at a cost of over $390,000. 

It’s impartial—the study was conducted 
entirely by the independent Advertising 
Research Foundation. 
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products. Was based on real-timett di 
carefully accumulated as the ads ran. 
And employed state-of-the-art data ane \ 
techniques. 
It’s conclusive. It links higher levels of 

advertising with significant increases in sales, 
plus increased profits. Considering the 

competitive crunch of today’s marketplace, these 
kinds of results mean increasing your advertising 
is no longer an act of faith—but an act of survival. 
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research to work. 
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decision support for increasing your trade 
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For your copy of the “Summary of the 
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Cardiac Morphologic Findings in Patients with Acute 
Myocardial Infarction Treated with Recombinant Tissue 
Plasminogen Activator 

S. David Gertz, Jay M. Kalan, Amy H. Kragel, William C. Roberts, 
Eugene Braunwald, and The TIMI Investigators 


The hearts of 52 patients who participated in the Thrombolysis in Myocar- 
dial Infarction Study were examined. All received recombinant tissue 
plasminogen activator intravenously within 3.0 + 1.2 hours of onset of 
chest pain. The infarcts were hemorrhagic in 23 patients, nonhemorrhagic 
in 20, not visible grossly in 2, and, in 7, there was no myocardial necrosis 
by gross or histologic examination. Comparisons between patients with 
hemorrhagic infarcts and those with nonhemorrhagic infarcts showed: 
similar frequencies of myocardial rupture, cardiogenic shock and fatal 
hemorrhage; similar degrees of cross-sectional area narrowing of the 4 
major epicardial coronary arteries; similar frequencies of thrombi in the 
infarct-related arteries, but all thrombi in patients with hemorrhagic in- 
farcts were nonocclusive; similar frequencies of plaque rupture and plaque 
hemorrhage; fewer right ventricular infarcts; and similar infarct sizes with 
the hemorrhage confined to areas of necrotic myocardium in all cases. 


oY pI BASES AA VA SOIT ens OTE BEM TAES a 
Mechanisms of Stress-Induced ST Elevation and Negative T- 
Wave Normalization Studied by Serial Cardiokymogram in 
Patients with a Previous Myocardial Infarction 

Takeshi Ogawa, Masanori Ishii, Kaname lida, Keiji lida, Ryuichi Ajisaka, 
lwao Yamaguchi, Yasuro Sugishita, and Iwao Ito 


Seventeen patients with a previous myocardial infarction were studied 
during pacing protocols to characterize the clinical correlates of ST eleva- 
tion, to analyze the relation between ST elevation and negative T-wave 
normalization and to investigate the mechanisms of these electrocardio- 
graphic changes. Our results suggest that ST elevation and negative T- 
wave normalization are caused by abnormal left ventricular wall motion 
rather than myocardial ischemia and the latter is a more sensitive indica- 
tor of wall motion abnormalities than ST elevation in patients with a 
previous myocardial infarction. 


Continued on page A16 
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SINGLE-AGENT SUCCESS IN 


OF HYPERTENSIVE PATIENT 


BRIEF SUMMARY 

Contraindications: Severe LV dysfunction (see Warnings), hypotension (systolic pressure 
< 90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd- 
degree AV block {if no pacemaker is present), atrial flutter/fibrillation with an accessory bypass tract 
(eg, WPW or LGL syndromes), hypersensitivity to verapamil. 

Warnings: Verapamil should be avoided in patients with severe LV dysfunction (eg, ejection fraction 
< 30%) or moderate to severe symptoms of cardiac failure and in patients with any degree of 
ventricular dysfunction if they are receiving a beta-blocker. Control milder heart failure with optimum 
digitalizaton and/or diuretics before Calan SR is used. Verapamil may occasionally produce hypotension 
Elevations of liver enzymes have been reported. Several cases have been demonstrated to be produced 
by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some patients 
with parexysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg, WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway 
bypassing the AV node, producing a very rapid ventricular response or ventricular fibrillation after 
receiving |.V. verapamil {or digitalis). Because of this risk, oral verapamil is contraindicated in such 
patients. AV block may occur (2nd- and 3rd-degree, 0.8%). Development of marked 1st-degree block 
or progression to 2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pulmonary 
edema and/or severe hypotension were seen in some critically ill patients with hypertrophic cardio- 
myopathy who were treated with verapamil 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in 
severe dysfunction use about 30% of the normal dose) or impaired renal function, and patients should 
be monitored for abnormal prolongation of the PR interval or other signs of overdosage. Verapamil 
may decrease neuromuscular transmission in patients with Duchenne’s muscular dystrophy and may 
prolong recovery from the neuromuscular blocking agent vecuronium. It may be necessary to decrease 
verapamil dosage in patients with attenuated neuromuscular transmission. Combined therapy with 
beta-adrenergic blockers and verapamil may result in additive negative effects on heart rate, atrioven- 
tricular conduction and/or cardiac contractility; there have been reports of excessive bradycardia and 
AV block. including complete heart block. The risks of such combined therapy may outweigh the 
benefits. The combination should be used only with caution and close monitoring. Decreased 
metoprolo! clearance may occur with combined use. Chronic verapamil treatment can increase. serum 
digoxin levels by 50% to 75% during the first week of therapy, which can result in digitalis toxicity. In 
patients with hepatic cirrhosis, verapamil may reduce total body clearance and extrarenal clearance of 
digitoxin. The digoxin dose should be reduced when verapamil is given, and the patient carefully 
monitored. Verapamil will usually have an additive effect in patients receiving blood-pressure-lowering 
agents. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Concomitant use of flecainide and verapamil may have additive effects on myocardial 
contractility, AV conduction, and repolarization. Combined verapamil and quinidine therapy in patients 
with hypertrophic cardiomyopathy should be avoided, since significant hypotension may result 
Concomitant use of lithium and verapamil may result in a lowering of serum lithium levels or increased 
sensitivity to lithium. Patients receiving both drugs must be monitored carefully. Verapamil may increase 
carbamazepine concentrations during combined use. Rifampin may reduce verapamil bioavailability 


Gi ONCE-A-DAY 5 : 


verapamil HCl) S22 


SUSTAINED-RELEASE CAPLETS 
THE 80% SOLUTION 


Phenobarbital may increase verapamil clearence. Verapamil may increase serum levels of cyclospori 
Concomitant use of inhalation anesthetics and calcium antagonists needs careful titration to avo 
excessive cardiovascular depression. Verapamil may potentiate the activity of neuromuscular blockir 
agents (curare-like and depolarizing); dosage reduction may be required. Adequate animal carcinoge 
icity studies have not been performed. One study in rats did not suggest a tumorigenic potential, ar 
verapamil was not mutagenic in the Ames test. Pregnancy Category C. There are no adequate a 
well-controlled studies in pregnant women. This drug should be used during pregnancy, labor 
delivery only if clearly needed. Verapamil is excreted in breast milk; therefore, nursing should t 
discontinued during verapamil use 

Adverse Reactions: Constipation (7.3%), dizziness (3.3%), nausea (2.7%), hypotension (2.5% 
headache (2.2%), edema (1.9%), CHF, pulmonary edema (1.8%), fatigue (1.7%), dyspnea (1.49 
bradycardia; HR < 50/min (1.4%), AV block: total 1°,2°,3° (1.2%), 2° and 3° (0.8%), rash (1.2% 
flushing (0.6%), elevated liver enzymes. The following reactions, reported in 1.0% or less of patient 
occurred under conditions where a causal relationship is uncertain: angina pectoris, atrioventricul 
dissociation, chest pain, claudication, myocardial infarction, palpitations, purpura (vasculitis), syncop 
diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchymosis or bruising, cerebr 
vascular accident, confusion, equilibrium disorders, insomnia, muscle cramps, paresthesia, psycho} 
symptoms, shakiness, somnolence, arthralgia and rash, exanthema, hair loss, hyperkeratosis, macule 
Sweating, urticaria, Stevens-Johnson syndrome, erythema multiforme, blurred vision, gynecomast 
increased urination, spotty menstruation, impotence. 12/21/89 © P90-W198 
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*in mild to moderate hypertension 


t Lower initial doses of 120 mg a day may be warranted in 
patients who may have an increased response to verapamil 
leg, the elderly or small people). 
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Heparin and infarct Coronary Artery Patency After 
Streptokinase in Acute Myocardial Infarction 

Edward F. Mahan, Ill, Jerry W. Chandler, William J. Rogers, 

Hrudaya R. Nath, L. Richard Smith, Patrick L. Whitlow, William P. Hood, 
Russell C. Reeves, and William A. Baxley 


The role of duration of heparin therapy in maintaining infarct artery 
patency was studied retrospectively in 53 consecutive patients with acute 
myocardial infarction who received streptokinase therapy and underwent 
coronary angiography acutely and at 14 + 1 days. At least 4 days of 
intravenous heparin therapy after successful streptokinase therapy in 
AMI is more effective in maintaining short-term infarct artery patency 
than a shorter duration of therapy and it may maintain the short-term 
patency of the infarct vessel in those patients who later spontaneously 
recanalize. The hemorrhagic complication risk is not increased in compar- 
ison to the shorter duration of heparinization. 


973 
Diagnostic Features of Body Surface Potential Maps in 
Patients with Myocardial Ischemia and Normal Resting 
12-Lead Electrocardiograms 

Ezio Musso, Donatella Stilli, Emilio Macchi, Beatrice Aimi, 

Paolo Francescon, Livio Dei Cas, Carlo Manca, Michail Kavadias, 
and Fred Kornreich 





Body surface maps were recorded from 35 ischemic patients with normal 
resting 12-lead electrocardiograms. Maps were automatically analyzed 
for determining the following at every instant of QRST: the coordinates of 
the potential extrema; the instantaneous values of extrema; and the inte- 
gral of the potential distributions on the chest surface. From the above 
data we obtained 187 variables for each subject. By stepwise discriminant 
analysis 3 variables were selected and used to produce a model for separat- 
ing the ischemic population from a normal group of 36 age- and sex- 
matched subjects. The model enabled us to correctly classify 92% of 
normal subjects and 91% of patients using the jacknife procedure. The 
discriminant function was successfully tested on a new population consist- 
ing of 54 normal subjects and 27 patients originating from another labora- 
tory. The classification resulted in a specificity of 87% and a sensitivity of 
85%. 


i ge TAI ESET, EE SAE Cat OPLE R are OE RE E AoA, 
Risk Factors for Progression of Atherosclerosis Six Months 
After Balloon Angioplasty of Coronary Stenosis 

Daniel Benchimol, Hélène Benchimol, Jacques Bonnet, Jean-François 
Dartigues, Thierry Couffinhal, and Henri Bricaud 


To assess the progression of coronary artery disease after percutaneous 
transluminal coronary angioplasty (PTCA ) and its relation to risk factors 
and restenosis, 124 patients with routine follow-up angiography were 
studied (PTCA for myocardial infarction excluded). Restenosis and pro- 
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ADD CAPOTEN EARLY 


Whether or not 

your heart failure _ 
patients are receiving 
digitalis... 


IN MILD, MODERATE, AND SEVERE HEART FAILURE 


(NYHA Class II, III, and IV) - 


J 


CLOSING THE LOOP IN HEART FAILURE THERAPY 


*CAPOTEN is indicated in patients with heart failure who have not responded adequately to treatment with diuretics and digitalis. Although the 
beneficial effect of captopril in heart failure does not require the presence of digitalis, most controlled clinical trial experience with captopril has 
been in patients receiving digitalis as well as diuretic treatment. Consequently, CAPOTEN should generally be added to both of these agents 
except when digitalis use is poorly tolerated or otherwise not feasible. In using CAPOTEN, consideration should be given to the risk of neutro- 
penia/agranulocytosis. Use special precautions in patients with impaired renal function, collagen vascular disorders, or those exposed to other 
drugs known to affect the white blood cells or immune response. Evaluation of heart failure patients should always include assessment of renal 
function. See INDICATIONS, CONTRAINDICATIONS, WARNINGS, and ADVERSE REACTIONS in the brief summary on adjacent page. 
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INDICATIONS: Hypertension—CAPOTEN (captopril) is indicated for the treatment of hyper- 


~ tension. Consideration should be given to the risk of neutropenia/ agranulocytosis (see WARN- 


INGS). CAPOTEN is effective alone and in combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in the treatment of congestive heart failure in 


patients who have not responded adequately to treatment with diuretics and digitalis. CAPOTEN 


__ should generally be added to both of these agents except when digitalis use is poorly tolerated 


or otherwise not feasible. 


_ CONTRAINDICATIONS: CAPOTEN is contraindicated in patients who are hypersensitive to 


this product. 
WARNINGS: Angioedema—Angioedema involving the extremities, face, lips, mucous mem- 


__ branes, tongue, glottis or larynx has been seen in patients treated with ACE inhibitors, includ- 
__ ing captopril. lf angioedema involves the tongue, glottis or larynx, airway obstruction may occur 


and be fatal. Emergency therapy, including but not necessarily limited to, subcutaneous ad- 
ministration of a 1:1000 solution of epinephrine should be promptly instituted. 


Agranulocytosis—Neutropenia (<1000/mm‘) with myeloid hypoplasia has resulted 


_ from use of captopril. About half of the neutropenic patients developed systemic or oral cavity 


infections or other features of the syndrome of agranulocytosis. The risk of neutropenia is 
dependent on the clinical status of the patient: 


In clinical trials in patients with hypertension who have normal renal function (serum creati- 
nine less than 1.6 mg/dL and no collagen vascular disease), neutropenia has been seen in 
one patient out of over 8,600 exposed. In patients with some degree of renal failure (serum 
creatinine at least 1.6 mg/dL) but no collagen vascular disease, the risk in clinical trials was 
about 1 per 500. Doses were relatively high in these patients, particularly in view of their 
diminished renal function. In patients with collagen vascular diseases (e.g., systemic lupus 
erythematosus, scleroderma) and impaired renal function, neutropenia occurred in 3.7% of 
patients in clinical trials. While none of the over 750 patients in formal clinical trials of heart 
failure developed neutropenia, it has occurred during the subsequent clinical experience. Of 
reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% received 
procainamide. In heart failure, it appears that the same risk factors for neutropenia are present. 


Neutropenia has appeared usually within 3 months after starting therapy, associated with my- 
eloid hypoplasia and frequently accompanied by erythroid hypoplasia and decreased num- 
bers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); anemia and 


_ thrombocytopenia were sometimes seen. Neutrophils generally returned to normal in about 2 
_ weeks after captopril was discontinued, and serious infections were limited to clinically com- 


plex patients. About 13% of the cases of neutropenia have ended fatally, but almost all fatalities 
were in patients with serious illness, having collagen vascular disease, renal failure, heart 
failure or immunosuppressant therapy, or a combination of these complicating factors. Evalua- 
tion of the hypertensive or heart failure patient should always include assessment of renal 
function. If captopril is used in patients with impaired renal function, white blood cell and 


_ differential counts should be evaluated prior to starting treatment and at approximately 2-week 


intervals for about 3 months, then periodically. In patients with collagen vascular disease or 


__who are exposed to other drugs known to affect the white cells or immune response, particu- 
__ larly when there is impaired renal function, captopril should be used only after an assessment 


t A of benefit and risk, and then with caution. All patients treated with captopril should be told to 
_ report any signs of infection (e.g., sore throat, fever). If infection is suspected, perform white 


err 
. > 


cell counts without delay. Since discontinuation of captopril and other drugs has generally led 
to prompt return of the white count to normal, upon confirmation of neutropenia (neutrophil 
count <1000/mm?) withdraw captopril and closely follow the patient's course. 


~ Proteinuria: Total urinary proteins >1 g per day were seen in about 0.7% of patients on captopril. 


_ About 90% of affected patients had evidence of prior renal disease or received high doses 


(>150 mg/day), or both. The nephrotic syndrome occurred in about one-fifth of proteinuric 


_ patients. in most cases, proteinuria subsided or cleared within 6 months whether or not captopril 
_ was continued. The BUN and creatinine were seldom altered in proteinuric patients. Since 


most cases of proteinuria occurred by the 8th month of therapy with captopril, patients with 
prior renal disease or those receiving captopril at doses >150 mg per day, should have urinary 


_ protein estimates (dip-stick on 1st morning urine) before therapy, and periodically thereafter. 


_ Hypotension: Excessive hypotension was rarely seen in hypertensive patients but is a possi- 


bility in severely salt/volume-depleted persons such as those treated vigorously with diuretics 


(see PRECAUTIONS [Drug Interactions]). In heart failure, where the blood pressure was either 
normal or low, transient decreases in mean blood pressure >20% were recorded in about half 


_ ofthe patients. This transient hypotension may occur after any of the first several doses and is 


_ usually well tolerated, although rarely it has been associated with arrhythmia or conduction 


defects. A starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 


_ should be followed closely for the first 2 weeks of treatment and whenever the dose of captopril 


oe 


and/or diuretic is increased. 


BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE PATIENTS, THERAPY 


_ SHOULD BE STARTED UNDER VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: impaired Renal Function—Hypertension—Some hypertensive patients 
with renal disease, particularly those with severe renal artery stenosis, have developed in- 


_ creases in BUN and serum creatinine. It may be necessary to reduce captopril dosage and/or 


discontinue diuretic. For some of these patients, normalization of blood pressure and mainte- 
nance of adequate renal perfusion may not be possible. Heart Failure—About 20% of patients 
develop stable elevations of BUN and serum creatinine >20% above normal or baseline upon 


_ long-term treatment. Less than 5% of patients, generally with severe preexisting renal disease, 


required discontinuation due to progressively increasing creatinine. See DOSAGE AND ADMIN- 
ISTRATION, ADVERSE REACTIONS [Altered Laboratory Findings]. Valvular Stenosis—A theo- 


_ retical concern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 
_ treatment in patients with aortic stenosis due to decreased afterload reduction. Surgery/Anes- 
thesia—\f hypotension occurs during surgery or anesthesia, and is considered due to the ef- 


_ fects of captopril, it is correctable by volume expansion. 


Drug Interactions: Hypotension—Patients on Diuretic Therapy—Precipitous reduction of blood 
pressure may occasionally occur within the 1st hour after administration of the initial captopril 


dose in patients on diuretics, especially those recently placed on diuretics, and those on se- 
vere dietary salt restriction or dialysis. This possibility can be minimized by either discontinuing 


i _ the diuretic or increasing the salt intake about 1 week prior to initiation of captopril therapy or 


by initiating therapy with small doses (6.25 or 12.5 mg). Alternatively, provide medical supervi- 


sion for at least 1 hour after the initial dose. 


Agents Having Vasodilator Activity—in heart failure patients, vasodilators should be ad- 


is __ ministered with caution. 


Agents Causing Renin Release—Captopril’s effect will be augmented by antihypertensive 
agents that cause renin release. 

Agents Affecting Sympathetic Activity—The sympathetic nervous system may be especially 
important in supporting blood pressure in patients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further antihypertensive effect to captopril, but the 
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overall response is less than additive. Therefore, use agents affecting sympathetic activity (e.g., 
ganglionic blocking agents or adrenergic neuron blocking agents) with caution. 

Agents Increasing Serum Potassium—Give potassium-sparing diuretics or potassium sup- 
plements only for documented hypokalemia, and then with caution, since they may lead to a 
significant increase of serum potassium. Use potassium-containing salt substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis—indomethacin and other nonsteroidal anti- 
inflammatory agents may reduce the antihypertensive effect of captopril, especially in low 
renin hypertension. 

Lithium—Increased serum lithium levels and symptoms of lithium toxicity have been reported 
in patients receiving concomitant lithium and ACE inhibitor therapy. These drugs should be 
coadministered with caution and frequent monitoring of serum lithium levels is recommended. 
If a diuretic is also used, it may increase the risk of lithium toxicity. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with doses of 50 
to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic potential. 
Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: Embryocidal effects and craniofacial malformations were observed in 
rabbits. Human Experience—There are no adequate and well-controlled studies of captopril in 
pregnant women. Data are available that show captopril crosses the human placenta. Captopril 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

Based on post-marketing experience with all ACE inhibitors, the following information has 
been collected. Inadvertent exposure limited to the first trimester of pregnancy does not ap- 
pear to affect fetal outcome adversely. Fetal exposure during the second and third trimester of 
pregnancy has been associated with fetal and neonatal morbidity and mortality. 

When ACE inhibitors are used during the later stages of pregnancy, there have been reports 
of hypotension and decreased renal perfusion in the newborn. Oligohydramnios in the mother 
has also been reported. Infants exposed in utero to ACE inhibitors should be closely observed 
for hypotension, oliguria and hyperkalemia. If oliguria occurs, attention should be directed 
toward support of blood pressure and renal perfusion with the administration of fluids and 
pressors as appropriate. Problems associated with prematurity such as patent ductus arteri- 
osus have occurred in association with maternal use of ACE inhibitors but it is not clear whether 
they are related to ACE inhibition, maternal hypertension or the underlying prematurity. 

There is no experience with exchange transfusion, hemodialysis or peritoneal dialysis for 
removing captopril from the neonatal circulation. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving approxi- 
mately 7000 patients. 

Renal—About 1 of 100 patients developed proteinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary frequency in 1 to 2 of 1000 patients. 

Hematologic—Neutropenia/agranulocytosis has occurred (see WARNINGS). Anemia, 
thrombocytopenia, and pancytopenia have been reported. 

Dermatologic—Rash, (usually maculopapular, rarely urticarial), often with pruritus, and some- 
times with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on renal status and 
dose), usually during the 1st 4 weeks of therapy. Pruritus, without rash, in about 2 of 100 pa- 
tients. A reversible associated pemphigoid-like lesion, and photosensitivity, have also been 
reported. Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular—Hypotension may occur; see WARNINGS and PRECAUTIONS [Drug 
Interactions] for discussion of hypotension on initiation of captopril therapy. Tachycardia, chest 
pain, and palpitations each in about 1 of 100 patients. Angina pectoris, myocardial infarction, 
Raynaud's syndrome, and congestive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia—Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and usually 
self-limited even with continued drug use (2 to 3 months). 

Angioedema—Angioedema involving the extremities, face, lips, mucous membranes, tongue, 
glottis or larynx has been reported in approximately one in 1000 patients. Angioedema involv- 
ing the upper airways has caused fatal airway obstruction. (See WARNINGS.) 

The following have been reported in about 0.5 to 2 percent of patients but did not appear at 
increased frequency compared to placebo or other treatments used in controlled trials: gastric 
irritation, abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, alo- 
pecia, paresthesias. 

Other clinical adverse effects reported since the drug was marketed are listed below by 
body system. In this setting, an incidence or causal relationship cannot be accurately determined. 

General: Asthenia, gynecomastia. 

Cardiovascular; Cardiac arrest, cerebrovascular accident, syncope. 

Dermatologic: Bullous pemphigus. 

Gastrointestinal: Pancreatitis, glossitis. 

Hematologic: Anemia, including aplastic and hemolytic. 

Hepatobiliary: Hepatitis, including rare cases of necrosis, cholestasis. 

Metabolic: Symptomatic hyponatremia. 

Musculoskeletal: Myaigia, myasthenia. 

Nervous/Psychiatric: Ataxia, confusion, depression, nervousness, somnolence. 

Respiratory: Bronchospasm, eosinophilic pneumonitis, rhinitis. 

Special Senses: Blurred vision. 

Urogenital: Impotence. 

As with other ACE inhibitors, a syndrome has been reported which includes: fever, myalgia, 
arthralgia, rash or other dermatologic manifestations, eosinophilia and an elevated ESR. Find- 
ings have usually resolved with discontinuation of treatment. 


Altered Laboratory Findings: Serum Electrolytes: Hyperkalemia: small increases in serum po- 
tassium, especially in patients with renal impairment (see PRECAUTIONS). 

Hyponatremia: particularly in patients receiving a low sodium diet or concomitant diuretics. 

BUN/Serum Creatinine: Transient elevations of BUN or serum creatinine especially in volume 
or salt depleted patients or those with renovascular hypertension may occur. Rapid reduction 
of longstanding or markedly elevated blood pressure can result in decreases in the glomerular 
filtration rate and, in turn, lead to increases in BUN or serum creatinine. 

Hematologic: A positive ANA has been reported. 

Liver Function Tests: Elevations of liver transaminases, alkaline phosphatase, and serum 
bilirubin have occurred. 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion with an I.V. 
infusion of normal saline is the treatment of choice for restoration of blood pressure. Captopril 
may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one hour before meals. 

In hypertension, CAPOTEN may be dosed bid or tid. Dosage must be individualized; see DOS- 

AGE AND ADMINISTRATION section of package insert for detailed information regarding dos- 

age in hypertension and in heart failure. Because CAPOTEN (captopril) is excreted primarily by 

the kidneys, dosage adjustments are recommended for patients with impaired renal function. 
Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, and 50 mg in bottles of 100 and 1000; 100 mg 
in bottles of 100; and in UNIMATIC® unit-dose packs of 100 tablets. (J3-658R) 
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gression were assessed by a videodensitometric computer-assisted tech- 
nique. Forty-one patients had restenosis. Among 23 patients with progres- 
sion, 20 had restenosis. Univariate correlates of progression were previous 
myocardial infarction (p <0.05), higher Jenkins’ score (p <0.003) and 
restenosis (p <0.0001 ). Restenosis was the only multivariate correlate (p 
<0.00003). Progression after PTCA is not rare, and is related to the initial 
extent of coronary artery disease and restenosis. 


Be a ee eres G a S Ot i to ee 
Metabolic and Functional Effects of Perfluorocarbon Distal 
Perfusion During Coronary Angioplasty 

Lawrence H. Young, C. Carl Jaffe, James H. Revkin, Patrick H. McNulty, 
and Michael Cleman 


This study examined the effects of distal coronary perfusion on both 
myocardial lactate metabolism and left ventricular function during left 
anterior descending coronary artery angioplasty. Each patient had balloon 
inflations performed conventionally without distal perfusion and with 
oxygenated and nonoxygenated Fluosol infused into the coronary artery 
distal to the inflated balloon. Cardiac lactate release was measured in the 
great cardiac vein and left ventricular systolic function was monitored 
using 2-dimensional echocardiography. Oxygenated Fluosol decreased 
the extent of lactate production during angioplasty. However, we did 
observe the onset of lactate production even while both global and regional 
left ventricular systolic function were largely preserved. 


+ BRL Dear ST) CS eae Se ee LLP heel E S, 
Detection of Human Collateral Circulation by Vasodilation- 
Thallium-201 Tomography 

Christoph A. Nienaber, Detlef Salge, Rolf P. Spielmann, Ricardo Montz, 
and Walter Bleifeld 


To assess the physiologic significance of collateral channels, 80 consecu- 
tive postinfarction patients (age 58 + 8 years) underwent vasodilation— 
redistribution thallium-201 tomographic imaging after 0.56 mg of intra- 
venous dipyridamole/kg body weight. Circumferential profile analysis of 
thallium-201 uptake and redistribution in representative left ventricular 
tomograms provided quantitative assessment of transient and fixed defects 
and separation between periinfarctional and distant inducible hypoperfu- 
sion. Patients were grouped according to presence (59%) or absence 
(41%) of angiographically visible collateral channels to jeopardized myo- 
cardium. The size of distant reversible defects correlated with the presence 
of collaterals (p <0.05), whereas the size of the persistent perfusion defect 
was not related to the extent of collateralization. By prospective analysis 
the tomographic pattern of combined periinfarctional and distant thalli- 
um-201 redistribution revealed a sensitivity of 85% and a specificity of 
78% for the detection of significant collateral circulation. 


Continued on page A25 
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Transesophageal color flow image of the mitral valve and left Diastolic and systolic color flow image of pulmonary insuffi- 
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999 

Acute Changes in Pacing Threshold and R- or P-Wave 
Amplitude During Permanent Pacemaker Implantation 

Michael de Buitleir, William H. Kou, Stephen Schmaltz, and Fred Morady 


This study examined the changes in pacing threshold and R- or P-wave 
amplitude during the first 30 minutes after implantation of tined and 
screw-in leads. The leads consisted of 3 ventricular pacing leads (Med- 
tronic model 6957 unipolar screw-in, 6961 unipolar tined and 6962 bipolar 
tined) and | atrial lead (model 6957J unipolar screw-in). The acute 
ventricular pacing threshold with the screw-in lead was significantly high- 
er than with the tined lead (p <0.001 ). There was a significant (p <0.001 ) 
acute decrease in the ventricular pacing threshold with both lead types, 
with the maximum decrease occurring 5 minutes after lead implantation. 
The atrial screw-in lead behaved in a manner identical to its counterpart in 
the ventricle. 


VALVULAR HEART DISEASE 


1004 

Effect of Depressed Left Ventricular Function on 
Hemodynamics of Normal St. Jude Medical Prosthesis in the 
Aortic Valve Position 

Jian-Fang Ren, Krishnaswamy Chandrasekaran, Gary S. Mintz, 

John Ross, Ronald S. Pennock, and William S. Frankl 


The effect of depressed left ventricular (LV) ejection fraction on Doppler- 
derived transprosthetic hemodynamic indexes was evaluated in 74 patients 
with normally functioning aortic valve prosthesis. LV ejection fraction was 
assessed by Simpson’s biplane rule. Patients with normal LV ejection 
fraction (20.51) generally had the highest values of the peak (31 + 13 
mm Hg) and mean (16 + 6 mm Hg) gradients, whereas those with 
depressed LV ejection fraction, especially <0.31 had the lowest values (17 
+ 6and9+3mm Hg, respectively) (p <0.05). Velocity time integral and 
peak acceleration measurements also decreased with worsening LV ejec- 
tion fraction. A significant inverse correlation (r = —0.41 to —0.71, p 
<0.05) for Doppler-derived peak and mean gradients and velocity time 
integral measurements was demonstrated with increasing prosthetic sizes 
from 19 to 29 mm. Thus, in addition to valve size, LV function should be 
considered as another important factor in detecting prosthetic valvular 
flow characteristics and dysfunction. 
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1010 
Training Effects of Long Versus Short Bouts of Exercise in 
Healthy Subjects 

Robert F. DeBusk, Ulf Stenestrand, Mary Sheehan, and William L. Haskell 





The physiologic effects of a single “long” (30 minutes) exercise training 
bout were compared with those of 3 “short” (10 minutes) bouts of training 
at a comparable intensity 5 days/week over an 8-week period in 36 healthy 
middle-aged men. Both exercise regimens significantly increased VO, 
max and peak treadmill duration and decreased heart rate at a fixed 
submaximal workload. Adherence, enjoyment and convenience as judged 
from self-reported logs and direct measurement of heart rate by a portable 
microprocessor were equally high in both groups. For many individuals 
multiple short bouts of exercise training may fit better into a busy schedule 
than a single long bout. 


1014 
The Sleep Electrocardiogram at Extreme Altitudes 
(Operation Everest Il) 

Mark Malconian, Herbert Hultgren, Masao Nitta, James Anholm, 
Charles Houston, and Howard Fails 





Heart rate and rhythm during sleep were studied by continuous electro- 
cardiographic monitoring in normal subjects at extreme simulated alti- 
tudes of 18,000 feet, 20,000 feet and 25,000 feet. Cycling of the heart rate 
in relation to periodic breathing was seen in all subjects with tachycardia 
occurring during hyperpnea and bradycardia occurring during apnea. All 
subjects also exhibited transient periods of bradycardia, sinus standstill, 
atrioventricular block and escape rhythms. The mechanisms involved have 
yet to be investigated. 


1021 

Angiographic Assessment of Left Ventricular Volume, 
Afterload and Contractile State in Normal Children 
Tetsuya Sano, Minoru Ogawa, Kazuhiro Taniguchi, Toru Nakajima, 
Tohru Matsushita, Futoshi Kayatani, Jun Arisawa, Susumu Nakano 
and Yasunaru Kawashima 


Left ventricular (LV) volume, mass and end-systolic stress were deter- 
mined angiographically in 20 normal children aged 3 months to 16 years. 
Circumferential end-systolic stress (163 + 21 kdynes/cm?, 165 + 21 
g/cm?) remained constant despite the extensive increase in LV volume 
with physical growth. Significant inverse correlations were observed be- 
tween end-systolic stress and ejection phase indexes indicating the analysis 
of these relations may be useful to estimate myocardial contractile state in 
children. The ratio of the end-systolic stress to end-systolic volume index 
inversely correlated with age indicating that this ratio is associated with 
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ventricular size. These results suggest that the LV mass increased ade- 
quately in response to the extensive increase in LV cavity volume to 
maintain the end-systolic stress during growth in childhood and that the 
physiologic cardiac growth was associated with appropriate hypertrophy 
with no significant change in LV contractile state. 
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Effects of Sample Volume Location, Imaging View, Heart Rate 
and Age on Tricuspid Velocimetry in Normal Subjects 

Gail O. Berman, Nathaniel Reichek, Deanna Brownson, and 

Pamela S. Douglas 





Pulsed Doppler recordings of right and left ventricular inflow were ob- 
tained in 41 normal subjects. The right ventricular filling pattern was 
affected by sample volume location but not imaging view. Heart rate was 
not related to any left ventricular filling parameter, but RR interval was 
modestly and inversely related to tricuspid peak late velocity and right 
atrial filling fraction. While both ventricles revealed an increased depen- 
dence on atrial systole with aging, this effect was more pronounced in the 
left. Thus, sample volume location, heart rate and aging should be consid- 
ered when standardizing tricuspid velocimetry. 
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Twice-a-day dosing* to make life easier for your sae patients. That's the 
Quinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
uniquely constructed for dependable around-the-clock performance. 











*Some patients may require t.i.d. dosing. 
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(Quinidine Sulfate Extended- 
release Tablets, USP) 300 mg 


The following is a brief summary only, Before prescribing, see complete prescribing 
information product labeling. 


Contraindications: Intraventricular conduction detects. Complete A-V block. A-V 
Conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal 
rhythms due to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or 
related cinchona derivatives. Myasthenia gravis. 

Warnings: In the treatment of atrial flutter, reversion to sinus rhythm may be preceded 
by a progressive reduction in the degree of A-V biock to a 1:1 ratio, resulting in an 
extremely rapid ventricular rate. This possible hazard may be reduced by digitalization 
Prior to administration of quinidine. 

Reports in the literature indicate that serum concentrations of digoxin may increase 
and may even double when quinidine is administered concurrently. Patients on 
concomitant therapy should be carefully monitored for digitalis toxicity. Reduction of 
digoxin dosage may have to be considered. 

-Manifestations of quinidine cardiotoxicity such as excessive prolongation of the QT 
interval, widening of the QRS complex and ventricular tachyarrhythmias mandate 
—e discontinuation of the drug and/or close clinical and electrocardiographic 
monitoring. 

_ In susceptible individuals, such as those with marginally compensated cardiovascular 
disease, quinidine may produce clinically important depression of cardiac function 
manifested by ion, bradycardia, or heartblock. Quinidine therapy should be 
Carefully monitored in such individuals 

_ Quinidine should be used with extreme caution in patients with incomplete AV block 
since complete AV block and asystole may be produced. Quinidine may cause 
abnormalities of cardiac rhythm in digitalized patients and therefore should be used with 
Caution in the presence of digitalis intoxication. 

_ Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic 
insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 
Patients taking quinidine occasionally have syncopal episodes which usually result 

from ventricular tachycardia or fibrillation. This syndrome has not been shown to be 
related to dose or serum levels. Syncopal episodes frequently terminate spontaneously or 
in response to treatment, but sometimes are fatal. 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine 
hypersensitivity have been reported. Unexplained fever and/or elevation of hepatic 
enzymes, particularly in the early stages of therapy. warrant consideration of possible 

Monitoring liver function during the first 4-8 weeks should be considered. 
Cessation of quinidine in these cases usually results in the disappearance of toxicity. 

Precautions: Genera/—A\ll the precautions applying to regular quinidine therapy 
apply to this product. Hypersensitivity or anaphylactoid reactions to quinidine, although 
rare, should be considered, especially during the first weeks of therapy. Hospitalization 
for close clinical observation, electrocardiographic monitoring, ard determination of 
serum quinidine levels are indicated when large doses of quinidine are used or with 
patients who present an increased risk. 

Information for Patients—As with all solid dosage medications, Quinidex 
Extentabs should be taken with an adequate amount of fluid, preferably with the patient in 
an upright position to facilitate swallowing. They should be swallowed whole in order to 
preserve the controlied-release mechanism. 

Laboratory Tests—Periodic blood counts and liver and kidney function tests should 
be performed during long-term therapy; the drug should be discontinued if blood 
dyscrasias or evidence of hepatic or renal dysfunction occurs. 

Drug Interactions 


Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic Antagonism of cholinergic effects 
Quinidine with carbonic anhy- Alkalinization of urine 
Grase inhibitors, sodium resulting in decreased 
bicarbonate, thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting 
j factor concentrations 
Quinidine with tubocurare, Potentiation of neuro- 
ine and muscular blockade 
decamethonium 
Quinidine with phenothiazines Additive cardiac 
and i depressive eflects 
Quinidine with hepatic enzyme- Decreased plasma 
inducing drugs (phenobarbital, half-life of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Incteased serum concentration of 
digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-life and an 
increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions 
and/or bigeminy 
Quinidine with verapamil Increased quinidine half-life and an increase in 
serum quinidine level; potential 
hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 
Carcinogenesis: Studies in animals have not been performed to evaluate the carcino- 
genic potential of quinidine. 
Pregnancy, Teratogenic Effects: Pregnancy Category C. Animal reproduction 


studies have not been conducted with quinidine. There are no adequate and well- 
controlled studies in pregnant women. Quinidex Extentabs should be administered to a 


P Nonteratogenic Elects Lite quinn 
] Effects: Like quinine, quinidine has been reported to have oxytocic 
properties. The significance of this property in the clinical setting has not been 


Labor and Delivery— There is no known use tor Quinidex Extentabs in labor and 
delivery. However, quinidine has been reported to have oxytocic properties. The 
significance of this property in the clinical setting has not been established. 

Nursing Mothers—Because ot passage of the drug into breast milk, caution should 
be exercised when Quinidex Extentabs are administered to a nursing woman. 

Pediatric Use— There are no adequate and well-controlled studies establishing the 
safety and effectiveness of Quinidex Extentabs in children. 

Adverse Reactions: Symptoms of cinchonism, such as ringing in the ears, loss of 
hearing, dizziness, lightheadedness, headache, nausea, and/or disturbed vision may 
appear in sensitive patients after a single dose of the drug. The most frequently 
encountered side effects to quinidine are gastrointestinal. 

J —Nausea, vomiting, abdominal pain, diarrhea, anorexia, 
granulomatous hepatitis (which may be preceded by fever), esophagitis. 

Cardiovascular—Ventricular extrasystoles occurring at a rate of one or more every 6 
normal beats; widening of the QRS complex and prolonged QT interval; complete A-V 
block; ventricular tachycardia and fibrillation; ventricular flutter; torsade de pointes, 


arterial embolism, hypotension; syncope. 
Confusion, delirium, dementia, ataxia, depression. 

Ophthalmologic and ic— Disturbed hearing (tinnitus, decreased auditory 
acuity), disturbed vision (mydriasis, blurred vision, disturbed color perception, 
photophobia, diplopia, night blindness, scotomata), optic neuritis, reduced visual field. 

— Cutaneous flushing with intense pruritus, photosensitivity, urticaria, 
rash, eczema, exfoliative eruptions, psoriasis, abnormalities of pigmentation. 

Hypersensitivity—Angioedema, acute asthmatic episode, vascular collapse, respira- 
tory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings), purpura, vasculitis. 

t , thrombocytopenic purpura, agranulocytosis, 
eea abet hypoprothrombinemia, leukocytosis, shift to left in WBC 


openia. 
Immunologic — Systemic lupus erythematosus, lupus nephritis. 
Miscellaneous — Fever, increase in serum skeletal muscle creatine phosphokinase, 
arthralgia, myalgia. 
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ANT HYPERTENSIVE AND ANTIANGINAL PROTECTIO 


Once-a-Day 


Procardia X. 


nifedioine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


Please see brief summary of 
©1990, Pfizer Inc prescribing information on last pagg 





Once-a-Day 


Procardi 


nifedioine) Extendea 


Tablets 30 mg, 60 mg 


24-HOUR CONTR 








WITH ONCE-DAILY DOSING 





NOW, Once-Daily Dosing Controls Hypertension 


è The only calcium channel blocker indicated for once-a-day dosing 
at all doses 


è Effective as monotherapy! and in combination? 


Once-Daily Dosing Controls Angina 


@ The only once-a-day calcium channel blocker for angina 


Releas#™ ablets?:* 


@ PROCARDIA XL angina indications: Patients with proven or suspected 
vasospastic angina, and patients with classic effort angina who remain 
symptomatic despite adequate doses of beta blockers and/or nitrates 
or who cannot tolerate these agents 


è Easy | ae from nifedipine capsules to PROCARDIA XL Extended 


Now, a 24-Hour Controiled-Release Delivery System 


è Releases nifedipine into the gastrointestinal tract at an essentially 
constant rate over the 24-hour period, independent of pH, 
with no dose dumping?® 


è Minimal serum fluctuations—no significant peaks, no significant 
troughs” 


e Low n of vasodilatory side effects. The most common side 


effects are peripheral edema, which is not associated with fluid 
retention, and headache 


In controlled trials of 776 patients with PROCARDIA XL, 
edema resulted in discontinuation of therapy in 2.7% of patients “ 
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Once-a-Day 





Procardia XL 


(nifedioine) Extended Release 


Tablets 30 mg, 60 mg and 90 mg GITS 


-HOUR CONTROL FOR BOTH HYPERTENSION 
AND ANGINA WITH ONCE-DAILY DOSING 








EASY TO INITIATE ONCE-DAILY DOSING 





è Initiate once-a-day therapy with a single 30-mg or 60-mg PROCARDIA XL Extended 


Release Tablet, swallowed whole 


EASY TO SWITCH TO ONCE-DAILY DOSING 


è Over 90% of angina patients controlled on nifedipine capsules were easily switched and 
controlled on PROCARDIA XL Extended Release Tablets at the nearest equivalent total 
daily dose; others needed dosage adjustment“ 


TITRATION SHOULD PROCEED AS CLINICALLY WARRANTED 
@ For full dosage instructions, see prescribing information 


References: 1. Gavras |, Mulinari R. Gavras H, et al: Antihypertensive effectiveness of the nifedipine gastrointestinal therapeutic system. Am J Med 1987;83(supp! 6B):20-23. 2. Frishman WH, 
Garofalo JL, Rothschild A, et al: The nifedipine gastrointestinal therapeutic system in the treatment of hypertension. Am J Cardiol 1989;64 (suppl to No. 11):65F-69F. 3. Vetrovec GW, Parker VE, 
Cole S, et al: Nifedipine gastrointestinal therapeutic system in stable angina pectoris: Results of a multicenter open-label crossover comparison with standard nifedipine. Am J Med 1987:83(suppl 
6B):24-29. 4. Data on file. Medical Department, Pfizer Labs, Pfizer Inc, New York. 5. Chung M, Reitberg DP, Gaffney M, et al: Clinical pharmacokinetics of nifedipine gastrointestinal 

therapeutic system: A controlled-release formulation of nifedipine. Am J Med 1987;83(supp! 6B):10-14. 6. Swanson DR, Barclay BL, Wong PSL, et al: Nifedipine gastrointestinal therapeutic 


system. Am J Med 1987;:83(supp! 6B):3-9. 





PROCAR nifedipine) Extended Release Tablets For Oral Use 
CONTRAINDICATIONS: Known hypersensitivity reaction to nindoine 

WARNINGS: Excessive Hypotension: Although in most angina patients the hypotensive effect of nifedipine is modest and well tolerated 
occasional patients have had excessive and poorly tolerated hypotension. These responses have usually occurred during initial titration 
or at the time of subsequent upward dosage adjustment, and may be more likely in patients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving nifedipine together with a 
beta-blocking agent who underwent coronary artery bypass surgery using high dose fentanyl anesthesia. The interaction with high dose 
fentanyl appears to be due to the combination of nifedipine and a beta blocker, but the possibility that it may occur with nifedipine alone, 
with low doses of fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In nifedipine-treated 
patients where surgery using high dose py anesthesia is contemplated, the physician should be aware of these potential problems 
+ if the patient's condition permits, sufficient time (at least 36 hours) should be allowed for nifedipine to be washed out of the body prior 
0 surger 
The folowing information should be taken into account in those patients who are being treated for hypertension as well as angina 
Increased Angina and/or Myocardial Infarction: Rarely, patients, particularly those who have severe obstructive coronary artery dis- 
ease, have developed well documented increased frequency, duration and/or severity of angina or acute myocardial infarction on starting 
nifedipine or at the time of dosage increase. The mechanism of this effect is not established 
Beta Blocker Withdrawal: It is important to taper beta blockers if possible, rather than Stopping them abruptly before beginning nifedi- 
pine. Patients rcant withdrawn from beta blockers may develop a withdrawal syndrome with increased angina, probably related to 
increased sensitivity to catecholamines. Initiation of nifedipine treatment will not prevent this occurrence and on occasion has been 
reported to increase it. 

Congestive Heart Failure: Rarely, patients usually receiving a beta blocker, have developed heart failure after beginning maton 
Patients with tight aortic stenosis may be at greater risk for such an event, as the umoading effect of nifedipine would be expected to be 
of less benefit to those patients, owing to their fixed impedance to flow across the aortic valve 
PRECAUTIONS: General—Hypotension: Because nifedipine decreases peripheral vascular resistance, careful monitoring of blood 
pressure during the initial administration and titration of nifedipine is suggested. Close observation is especially recommended for 
peters already taking medications that are known to lower blood pressure. Wee WARNINGS. ) 

ripheral Edema: Mild to moderate peripheral edema occurs in a dose dependent manner with an incidence ranging from approxi- 
mately 10% to about 30% at the mies dose studied (180 mg ). Itis a localized phenomenon thought to be associated with vasodilation 
of dependent arterioles and small blood vessels and not due to left ventricular dysfunction or generalized fluid retention. With patients 
whose angina or hypertension is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from 
the effects of increasing left ventricular dysfunction 
Laboratory Tests: Rare, usually transient, but oppasionsiy significant elevations of enzymes such as alkaline phosphatase CPK, LDH, 
SGOT, and SGPT have been noted. The relationship to nifedipine therapy is uncertain in most cases. but probable in some. These labora- 
tory abnormalities have rarely been associated with clinical symptoms, however, cholestasis with or without jaundice has been reported 
A small (54%) increase in mean alkaline phosphatase was noted in patients treated with PROCARDIA XL. This was an isolated finding not 
associated with clinical apne and it rarely reeutiee in values which fell outside the normal range. Rare instances of allergic hepatitis 
have been reported. in controlled studies, PROCARDIA XL did not adversely affect serum uric acid, glucose, or cholesterol. Serum 
potassium was unchanged in patients receiving PROCARDIA XL in the absence of concomitant diuretic therapy, and slightly decreased in 
patients receiving concomitant diuretics. 

Nifedipine, like other calcium channel blockers, decreases platelet aggregation in vitro. Limited clinical studies have demonstrated a 
moderate but statistically significant decrease in platelet aggregation and increase in bleeding time in some nifedipine patients. This is 
thought to be a function of inhibition of calcium transport across the platelet membrane. No Clinical significance for these findings has 
been demonstrated 

Positive direct Coombs test with/without hemolytic anemia has been hg hy but a causal relationship between nifedipine adminis- 
tration and positivity of this laboratory test, monona hemolysis, could not be determined 

Although nifedipine has been used Safely in patients with renal dysfunction and has been reported to exert a beneficial effect in certain 
cases, rare reversible elevations in BUN and serum creatinine have been reported in patients with pre-existing chronic renal insufficiency 
The relationship to nifedipine therapy is uncertain in most cases but probable in some 
Drug Interactions—Beta-adrenergic blocking agents: (See WARNINGS) Experience in over 1400 patents with Procardia* capsules ina 
noncomparative Clinical trial has shown that concomitant administration of nifedipine and beta-b ocino agents is usually well tolerated 
but there have been occasional literature reports suggesting that the combination may increase the likelihood of congestive heart failure, 
severe hypotension, or exacerbation of angina. 

Long Acting Nitrates: Nifedipine may be safely co-administered with nitrats, but there have been no controlled studies to evaluate the 
antianginal effectiveness of this combination. 

Digi alis: Administration of nifedipine with digoxin increased digoxin levels in nine of twelve normal volunteers. The average increase 
was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coronary artery disease. In an uncontrolled 
study of over two hundred patients with ome heart failure during which digoxin blood levels were not measured, digitalis toxicity 
was not observed. Since there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing nifedipine to avoid possible over- or under-digitalization 

Coumarin Anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin anticoagulants to 
whom nifedipine was administered. However, the relationship to nifedipine therapy is uncertain 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) and area-under- 
tpa la %), after a one week Course of cimetidine at 1000 mg per ay and nifedipine at 40 mg per day. Ranitidine produced smaller, 
non-significant increases. The eftect may be mediated by the known inhibition of cimetidine on hepatic cytochrome P-450, the enzyme 


system probably responsible for the first-pass metabolism of nifedipine. If l 
a aa p of nifedipine. If nifedipine therapy is initiated in a patient currently receiving 
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Carcinogenesis, Mutagenesis, Impairment of Fertility: Nifedipine was administered orally to rats, tor two yon and was not shown to 
be carcinogenic. When given to rats prior to mating. nifedipine caused reduced fertility at a dose approximately 30 times the maximum 
recommended human dose. /n vivo mutagenicity studies were negative 

Pregnancy: Pregnancy category C. Nifedipine has been shown to be teratogenic in rats when sven in doses 30 times the maximum 
recommended human dose. Nifedipine was embryotoxic (increased fetal resorptions, decreased fetal weight, increased stunted forms, 
increased fetal deaths, decreased neonatal survival) in rats, mice, and rabbits at doses of from 3 to 10 times the maximum recommended 
human dose. In pregnant monkeys, doses 2/3 and twice the maximum recommended human dose resulted in small placentas and 
underdeveloped chorionic villi. In rats, doses three times maximum human dose and higher caused prolongation of pregnancy. There 
are no adequate and well controlled studies in pregnant women. PROCARDIA XL" (nifedipine) Extended Release Tablets should be used 
durin regnan only if the potential benefit justities the potential risk to the fetus. 

ADVERSE EXPERIENCES: Over 1000 patients from both controlled and open trials with PROCARDIA XL Extended Release Tablets in 
hypertension and angina were included in the evaluation of adverse experiences. All side effects fg ly during PROCARDIA XL 
Extended Release Tablet therapy were tabulated independent of their causal relation to medication. The most common side effect 
reported with PROCARDIA XL was edema which was dose related and ranged in frequency from approximately 10% to about 30% at the 
highest dose studied (180 mg). Other common adverse experiences reported in placebo-controlled trials include: headache (15.8%, 
compared to 9.8% placebo incidence), fatigue (5.9%, compared to 41% placebo incidence), dizziness (4.1%, compared to 4.5% placebo 
incidence), constipation (3.3%, compared to 2.3% placebo incidence), and nausea (3.3%, compared to 19% placebo incidence). Of 
these, only edema and headache were more common in PROCARDIA XL patients than placebo patients. > 

The following adverse reactions occurred with an incidence of less than 3.0%. With the exception of leg cramps, the incidence of thése 
side effects was similar to that of placebo alone: body as a whole/systemic: asthenia, flushing, pain: cardiovascular: palpitations; central 
nervous system: insomnia, nervousness, paresthesia, somnolence; dermatologic: pruritus, rash; mos fondig stl abdominal pain, 
diarrhea, dry mouth, dyspepsia, flatulence; musculoskeletal: arthralgia, leg cramps; respiratory: chest pain (nonspecific), dyspnea; 
urogenital: impotence, polyuria 

ther adverse reactions were reported sporadically with an incidence of 1.0% or less, These include: body as a whole/systemic: face 
edema, fever, hot flashes. malaise, periorbital edema, rigors; cardiovascular: arrhythmia, i ee increased angina, tachycardia, 
syncope; central nervous system: anxiety, ataxia, decreased libido, depression, hypertonia, hypoesthesia, migraine, paroniria, tremor, 
vertigo; dermatologic og increased sweating, urticaria, purpura: gastrointestinal: eructation, gastroesophageal reflux, gum 
hyperplasia, melena, vomiting, weight increase; musculoskeletal: back pain, gout, myalgias; respiratory: coughing, epistaxis, upper 
respiratory tract infection, respiratory disorder, sinusitis; special senses abnormal facrimation, abnormal vision, taste perversion, 
tinnitus; urogenital/reproductive: breast pain, dysuria, hematuria, nocturia 

pevas experiences which occurred in less than 1 in 1000 patients cannot be distinguished from concurrent disease states or 
medications 

in multiple-dose U.S. and foreign controlled studies with nifedipine capsules in which adverse reactions were reported spontaneously, 
adverse effects were frequent buf generally not serious and rarely required discontinuation of therapy or dosage adjustment. Most were 
expected consequences of the vasodilator effects of Procardia. Adverse experiences roas in placebo-controlled trials include: dizzi- 
ness, lightheadedness, and giddiness (27%, compared to 15% placebo incidence); flushing, heat sensation (25%, compared to 8% 
placebo incidence): headache (23%, compared to 20% placebo incidence); weakness (12%, compared to 10% placebo incidence): 
nausea, heartburn (11%, compared to 8% placebo incidence); muscle cramps, tremor (8%, compared to 3% placebo incidence 
peripheral edema (7%, compared to 1% placebo incidence); nervousness, mood changes (7%, compared to 4% placebo incidence 
palpitation (7%, compared to 5% placebo incidence); dyspnea, cough, and wheezing (6%, compared to 3% placebo incidence); and 
nasal congestion, sore throat (6%, compared to 8% placebo incidence) 

There is also a large uncontrolled experience in over 2100 patients in the United States. Most of the patients had vasospastic or 
resistant angina pectoris, and about half had concomitant treatment with beta-adrenergic blocking agents. The relatively common 
adverse events were similar in nature to those seen with PROCARDIA XL 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the disease in these 
patients. It remains possible, however, that some or many of these events were drug related. Myocardial infarction occurred in about 4% 
of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular arrhythmias or conduction disturbances each 
occurred in fewer than 0.5% of patients 

In a subgroup of over 1000 patients receiving Procardia with concomitant beta blocker thera y the patem and incidence ot adverse 
experiences was not different from that of the entire group of Procardia treated patients (See PRECAUTIONS. ) 

nasub rou of approximately 250 patients with a diagnosis of congestive heart failure as well as angina, dizziness or lightheaded- 
ness, peripheral edema, headache or flushing each occurred in one in eight patients. Hypotension occurred in about one in 20 patients 
= occurred in approximately one patient in 250. Myocardial infarction or symptoms of G- aai heart failure each occurred in 
about one patient in 15. Atrial or ventricular dysrhythmias each occurred in about one patient in 15 
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Cardiac Morphologic Findings in Patients 
with Acute Myocardial Infarction Treated with 
Recombinant Tissue Plasminogen Activator 


S. David Gertz, MD, PhD, Jay M. Kalan, MD, Amy H. Kragel, MD, William C. Roberts, MD, 
Eugene Braunwald, MD, and The TIMI Investigators 





The hearts of 52 patients (aged 61 + 11 years, 34 
men) who participated in the Thrombolysis in Myo- 
cardial Infarction (TIMI) Study and died from 5 
hours to 260 days (median 2.7 days) after onset of 
chest pain were studied. One heart became avail- 
able at cardiac transplantation. Of the 52 patients, 
38 received recombinant tissue plasminogen activa- 
tor (rt-PA) not followed by percutaneous translu- 
minal coronary angioplasty (PTCA) or coronary ar- 
tery bypass grafting (CABG). Eight had PTCA, and 
6 had CABG. The infarcts were hemorrhagic by 
gross inspection (with histologic confirmation) in 
23 patients, nonhemorrhagic in 20, not visible 


grossly in 2 and, in 7, there was no myocardial ne- | 


crosis by either gross or histologic examination. 
Comparisons between the 23 patients with hemor- 
rhagic infarcts and the 20 patients with non- 
hemorrhagic infarcts showed: (1) similar frequen- 
cies of myocardial rupture (left ventricular free wall 
or ventricular septum) [6 (26%) of 23 vs 5 (25%) 
of 20], cardiogenic shock [10 (43%) of 23 vs 9 
(47%) of 19], and fatal hemorrhage [2 (9%) of 23 
vs 2 (10%) of 20]; (2) similar percents of necrotic 
portions of left ventricular wall among patients sur- 
viving >18 hours from onset of chest pain (26 + 11 
vs 23 + 11%) with the hemorrhage confined to 
areas of necrotic myocardium in all cases; (3) simi- 
lar frequencies of thrombi in the infarct-related 
arteries [7 (32%) vs 7 (37%)], but all thrombi in 
patients with hemorrhagic infarcts were nonocclu- 
sive, and all thrombi in those with nonhemorrhagic 
infarcts were occlusive (p = 0.0002); (4) similar de- 
grees of luminal cross-sectional area narrowing 
over all S-mm segments of the 4 major (left main, 
left anterior descending, left circumflex and right) 
epicardial coronary arteries in 27 patients receiving 
rt-PA alone between patients with hemorrhagic and 
nonhemorrhagic infarcts; (5) similar numbers of 
patients in whom the infarct-related artery was 
narrowed >75% in cross-sectional area at some 
point by plaque [21 (95%) of 22 vs 16 (84%) of 
19], and similar mean percent reduction in cross- 
sectional area by plaque of the infarct-related 
arteries calculated by planimetry (67 + 10 vs 68 + 


9%); (6) similar frequencies of plaque rupture [11 
(55%) of 20 vs 12 (75%) of 16] and similar fre- 
quencies of hemorrhage into a plaque [13 (65%) of 
20 vs 13 (81%) of 16] in patients without PTCA; 
(7) fewer right ventricular infarcts in patients with 
hemorrhagic infarcts (2 of 10 posterior hemorrhag- 
ic infarcts vs 6 of 9 posterior nonhemorrhagic in- 
farcts); (8) similar percents of plaque with pulta- 
ceous debris (13 + 11 vs 18 + 9%), calcific depos- 
its (14 + 12 vs 20 + 14%) and acellular fibrous 
tissue (49 + 14 vs 53 + 11%). Thus, hemorrhage 


-occurs frequently in the infarcts of patients who re- 


ceive rt-PA. Hemorrhage into an infarct does not 
appear to extend the infarct, and patients with 
hemorrhagic (vs nonhemorrhagic) infarcts have no 
greater frequency of myocardial rupture or cardio- 
genic shock, and no significant differences in coro- 
nary luminal narrowing, plaque rupture or plaque 
composition. However, those with hemorrhagic in- 
farcts had only nonocclusive thrombi and fewer 
right ventricular infarcts. 

(Am J Cardiol 1990;65:953-961) 


ntil thrombolytic and revascularization therapy 
| | of acute myocardial infarction (AMI) was intro- 

duced, virtually all AMIs observed at necropsy 
were nonhemorrhagic. Treatment with thrombolytic 
agents has been shown to restore the patency of occlud- 
ed coronary arteries,'* but this has been associated 
with an apparently marked, although heretofore unde- 
termined, increase in the frequency of hemorrhagic in- 
farcts. It has been suggested that myocardial hemor- 
rhage after coronary reperfusion is confined to zones 
of the myocardium that were already necrotic, and that 
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the hemorrhage is probably a consequence of severe 
microvascular injury and not its cause.*© However, con- 
cerns that myocardial hemorrhage after administration 
of recombinant tissue plasminogen activator (rt-PA) 
might increase the frequency of complications of infarc- 
tion such as myocardial rupture or cardiogenic shock 
have not been resolved. Accordingly, during the last 3 
years, we have studied at necropsy the hearts of 52 pa- 
tients who received rt-PA during the course of AMI to 
compare clinical and cardiac morphologic findings in 
patients with hemorrhagic infarcts to those with non- 
hemorrhagic infarcts. 


METHODS 

The hearts of 52 patients who received rt-PA during 
evolving AMI were studied. All patients were part of 
the Thrombolysis in Myocardial Infarction (TIMI) 
study. Full details concerning criteria for inclusion into 
the TIMI studies have been previously reported.!-3 The 
Pathology Branch, National Heart, Lung, and Blood 
Institute, served as the central pathology laboratory for 
the TIMI study. The hearts were submitted from 25 
different centers participating in the TIMI trial (see 
Appendix). In 2 patients the coronary arteries were not 
available for examination. Of the 52 patients, 38 had 
been treated with rt-PA not followed by percutaneous 
transluminal angioplasty (PTCA) or coronary artery 
bypass grafting (CABG). In 8 patients, rt-PA was fol- 
lowed by PTCA after 2 hours (2 patients), 18 hours (5 
patients) and 2 days (1 patient). In 6 patients, rt-PA 
was followed by CABG after 1 day (2 patients) and 
after 2, 10, 16 and 71 days (1 patient each). One of the 
38 patients treated with rt-PA alone underwent cardiac 
transplantation 40 days after treatment and is still alive. 
Fourteen (27%) of the 52 had healed (previous) myo- 
cardial infarcts at necropsy. 

The hearts were fixed in 10% buffered formaldehyde 
for at least 3 days. The epicardial coronary arteries 
were excised intact and decalcified by the formic acid- 
sodium citrate method’ for approximately 12 hours. 
(Gross decalcification by this technique does not pre- 
clude the identification of calcific deposits in histologic 
sections stained by the Movat technique.) The arteries 
were sectioned transversely at 5-mm intervals and the 
segments were labeled sequentially. All specimens were 
then dehydrated in ethanol and xylene and embedded in 
paraffin. One section (5 u thick) from each 5-mm seg- 
ment was stained by the Movat method® and another 
section from each 5-mm segment was stained with he- 
matoxylin and eosin. The hearts were then cut trans- 
versely into slices approximately 1 cm thick from the 
apex to approximately 2 cm caudal to the posterior 
atrioventricular sulcus for gross, histologic and morpho- 
metric examination of the myocardium. 

Patients were compared with respect to age, sex, in- 
terval from chest pain to administration of rt-PA, peak 
creatine kinase, death, history of systemic hypertension, 
frequency of myocardial rupture, fatal cardiogenic 
shock, fatal arrhythmias, major or fatal bleeding, heart 
weight, postmortem location of the recent and previous 
infarcts, infarct size, presence of left ventricular dilata- 
tion and the status of the infarct-related coronary arter- 


954 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


ies—including the presence of occlusive and nonocclu- 
sive thrombi, composition of thrombi, frequency of 
plaque rupture and its frequency of association with 
thrombus and pultaceous debris within the plaque, fre- 
quency of hemorrhage into a plaque and its frequency 
of association with thrombus, frequency of the presence 
of fibrin within the plaque, luminal narrowing, and 
composition of the atherosclerotic plaque. 

All clinical parameters were verified with the rec- 
ords of the TIMI Data Coordinating Center. 

Hemorrhagic infarcts were identified by grossly visi- 
ble blood within the necrotic myocardium with confir- 
mation of the presence and extent of the hemorrhage 
relative to the necrosis by histologic examination. 

Infarct size was quantitated in 23 patients who sur- 
vived at least 18 hours after the onset of chest pain. 
Each transverse ventricular slice was weighed and the 
percent of each slice that was necrotic or fibrotic was 
calculated by planimetric measurement. 

The infarct-related coronary artery was identified as 
the left anterior descending artery for anterior wall in- 
farcts and the dominant right or dominant left circum- 
flex coronary artery for posterior (inferior) wall in- 
farcts. 

Plaque rupture was identified by a fissure within the 
atherosclerotic plaque that was associated with throm- 
bus or hemorrhage into the plaque with the defect in the 
plaque being continuous with the arterial lumen. 

The amounts of fibrin, platelets, erythrocytes and 
leukocytes in thrombi were estimated microscopically 
on a 0+ to 3+ scale. 

Luminal narrowing of the 4 major (left main, left 
anterior descending, left circumflex and right) coronary 
arteries was estimated by examination of histologic sec- 
tions of each 5-mm segment. With the internal elastic 
lamina as the perimeter of the luminal circle, the degree 
of luminal narrowing for each segment was assessed by 
visually subdividing the circle into 4 equal quadrants.° 
These quadrants corresponded to the 4 degrees of re- 
duction of luminal cross-sectional area—0 to 25, 26 to 
50, 51 to 75 and 76 to 100%, with the latter being sub- 
divided further into 76 to 95 and 96 to 100%. In addi- 
tion, a coronary score (of luminal narrowing) was calcu- 
lated by assigning each of the 4 degrees of luminal nar- 
rowing a numerical value from 1 to 4. A 5-mm segment 
narrowed 0 to 25% in cross-sectional area had a score of 
1, a segment narrowed 26 to 50% had a score of 2, and 
so forth. Each degree of narrowing was multiplied by 
the number of segments found to be narrowed by that 
degree. The sum for all 4 degrees of narrowing was then 
divided by the total number of segments studied for that 
artery, giving an overall coronary score from 0 to 4. 

Plaque composition was assessed by planimetric 
measurement as follows. Movat-stained sections from 
each 5-mm coronary segment were projected onto white 
paper using a Bausch and Lomb Tri-simplex micropro- 
jector. The image was magnified X 40 (approximately) 
and the following areas were traced: external elastic 
lamina (corresponding to the outer border of the me- 
dia), internal elastic lamina (potential lumen minus to- 
tal area of atherosclerotic plaque), relatively acellular 
fibrous tissue (primarily collagenous and rich in muco- 


polysaccharides), cellular fibrous tissue (consisting pri- 
marily of smooth muscle cells and fibroblasts mingled 
with collagen and elastic fibers), calcific deposits (gran- 
ular, brown-stained areas in Movat-stained sections) 
(single, isolated granules were not included in this quan- 
tification) and pultaceous debris (extracellular lipid rep- 
resented by pale-staining areas consisting of amorphous 
material with numerous cholesterol clefts with a vari- 
able amount of inflammatory and foam-cell infiltrates). 
After tracing these components, the relative area occu- 
pied by each was determined by reoutlining these areas 
using a GTCO Micro Digi-pad and stylus (model 1212) 
in association with the Macmeasure morphometric soft- 
ware package adapted to a Macintosh SE computer.'° 
Only those patients without PTCA or CABG were used 
for this quantitation of plaque composition to avoid mis- 
interpretation of histopathologic findings. 

Statistical comparisons of numerical data were per- 
formed by 2-tailed ¢ tests (paired or unpaired as appro- 
priate) without adjustment for multiple testing. Cate- 
gorical data were compared by coded chi-square analy- 
sis. For these calculations the Stat View 512+ statistical 
package (Brain Power, Inc.) was used in association 
with a Macintosh SE computer. 


RESULTS 

Baseline characteristics: Of the 52 patients studied 
[age 61 + 11 years, 34 (65%) men], 38 received rt-PA 
alone, 8 had rt-PA followed by PTCA and 6 had rt-PA 
followed by CABG. The interval from chest pain to 
death ranged from 5 hours to 260 days (mean 15 + 40, 
median 2.7 days). The acute infarcts were hemorrhagic 
by gross inspection (with histologic confirmation) in 23 
patients, nonhemorrhagic in 20, not visible grossly in 2 
and in 7 there was no acute necrosis by either gross or 
histologic examination. Three patients enrolled in phase 
I and phase I pilot of the TIMI study received rt-PA 
within 7 hours of onset of chest pain, but all remaining 
patients were treated within 4 hours with similar inter- 
vals from onset of chest pain to treatment between pa- 
tients with hemorrhagic and nonhemorrhagic infarcts 
(3.0 + 1.0 vs 2.9 + 1.3; p = 0.68). There was a history 
of systemic hypertension before admission in 27 patients 
(52%) with similar frequencies in patients with hemor- 
rhagic and nonhemorrhagic infarcts [11 (48%) vs 11 
(55%); p = 0.64]. The hearts weighed 471 + 91 g in 
men and 404 + 89 g in women with similar heart 
weights by sex between patients with hemorrhagic and 
nonhemorrhagic infarcts (men 447 + 68 vs 487 + 101 
g, p = 0.28; and women 394 + 72 vs 428 + 132 g, p = 
0.49). The percentage of women was greater [13 (57%) 
vs 5 (25%); p = 0.04], and the peak creatine kinase was 
higher (5,535 + 6,219 vs 2,248 + 1,472; p = 0.047) in 
patients with hemorrhagic compared to nonhemorrhag- 
ic infarcts. 

Complications contributory to death: Myocardial 
rupture (left ventricular free wall or ventricular septum) 
occurred in 12 (23%) of the 52 patients, cardiogenic 
shock in 23 (45%) of 51, fatal arrhythmias in 19 (37%) 
of 51 and fatal bleeding in 5 (10%) of 52. Comparisons 
of the 23 patients with hemorrhagic infarcts with the 20 
with nonhemorrhagic infarcts showed similar frequen- 


cies of myocardial rupture [6 (25%) of 23 vs 5 (25%) of 
20], cardiogenic shock [10 (43%) of 23 vs 9 (47%) of 
19; p = 0.80], fatal arrhythmias [8 (35%) of 23 vs 6 
(32%) of 19; p = 0.83] and fatal hemorrhage [2 (9%) of 
23 vs 2 (10%) of 20; p = 0.70] (Table I). 

Location and quantitation of infarct size: Of the 43 
patients in whom myocardial necrosis was confirmed by 
gross and histologic examination, 22 (51%) had anterior 
wall infarcts, 19 (44%) had posterior wall infarcts, 1 
had an infarct confined to the lateral wall and 1 to the 
ventricular septum. The frequency of anterior wall and 
posterior wall infarcts was similar in patients with hem- 
orrhagic and in those with nonhemorrhagic infarcts [an- 
terior 12 (52%) vs 10 (50%); posterior 10 (43%) vs 9 
(45%)]. Histologic examination of the 23 patients with 
hemorrhagic infarcts showed the interstitial hemor- 
rhage, in every case, to be confined to, and not extend 
beyond, the area of necrosis. 

Right ventricular infarcts occurred in 8 (19%) of the 
43 patients with infarcts confirmed at necropsy. All 
were associated with infarcts of the posterior wall of the 
left ventricle, but there were fewer in patients with hem- 
orrhagic than nonhemorrhagic infarcts (2 of 10 hemor- 
rhagic posterior infarcts vs 6 of 9 nonhemorrhagic pos- 
terior infarcts). Healed (previous) left ventricular in- 
farcts were found in 14 (27%) of the 52 patients with 6 
(26%) being among the 23 with hemorrhagic acute in- 
farcts and 3 (15%) among the 20 with nonhemorrhagic 
infarcts (p = 0.37). 

Of 23 patients who survived 218 hours from the on- 
set of chest pain, and in whom AMI was confirmed 
both grossly and histologically, myocardial necrosis in- 
volved a mean of 25 + 11% of the left ventricular wall 
with no significant difference between hemorrhagic and 
nonhemorrhagic infarcts (26 + 11% vs 23 + 11%; p = 
0.42). There was no significant difference in percent of 
left ventricular wall that was necrotic between patients 
with previous (healed) infarcts (8 of 24) and those in 
which the recent (first) event was the fatal infarct (16 
of 24) (23 + 11 vs 26 + 11%; p = 0.56). Furthermore, 
when restricting the analysis to patients with hemor- 
rhagic infarcts, there was also no significant difference 
in size of the acute infarcts between those with and 
without healed infarcts (26 + 12 vs 27 + 11%; p = 
0.96). The frequency of healed infarcts among the 23 
(of 51) patients with cardiogenic shock was also not sig- 
nificantly different from that of patients without healed 
infarcts [7 (50%) vs 16 (43%); p = 0.67]. 

Coronary thrombus: Coronary thrombi were found 
in the infarct-related artery at necropsy in 16 (32%) of 
50 patients. The frequency was similar in patients with 
hemorrhagic and nonhemorrhagic infarcts [7 (32%) of 
22 vs 7 (37%) of 19; p = 0.74] (Table I). Of these 16 
patients with thrombi at necropsy, 2 (13%) were among 
the 15 patients who died within 24 hours of the onset of 
chest pain, 7 were among the 14 (50%) patients who 
died between 24 and 72 hours and 7 were among the 21 
(33%) who died >72 hours after the onset of chest pain. 
Similar frequencies of thrombi were also found within 
each of the 3 intervals from chest pain to death between 
patients with hemorrhagic and nonhemorrhagic infarcts 
[0 to 24 hours, 1 (17%) of 6 patients vs 0 of 3, p = 0.49; 
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TABLE I Comparisons of Selected Clinical and Morphologic Features Between Patients with Hemorrhagic and Nonhemorrhagic _ 


CP to CPto Dose Peak 
Age (yrs), rt-PA Death rt-PA Hours rt-PA CK is S 
Case Sex (min) (days) (mg) toPeakCK PTCA CABG (IU) SH CS A (0 to 2+) 
Hemorrhagic infarcts 
1 36, F 160 0.2 90 — 0 0 = + 0 + 0 
2 72,F 138 03 100 — 0 0 — 0 0 + 0 
3 61,M 140 03 117 — 0 0 — 0 0 0 0 
4 75, F 150 0.4 100 as 0 0 2,328 0 0 + 0 
5 70,M 195 0.5 100 — 0 0 — 0 0 0 0 
6 74,F 230 05 100 8 0 0 1,688 0 + 0 ++ 
7 37,M 150 05 100 4 0 0 6,780 + 0 + 0 
8 62, F 390 1 150 24 0 0 4,065 + $ i + 
9 66, F 185 1 150 16 0 0 2,140 + 0 0 0 
10 68, F 123 1 100 8 0 0 4,908 + 0 0 ++ 
11 42, M 210 2 80 16 0 0 4,536 0 + 0 0 
12 59, M 180 2 100 2 0 0 5,000 0 + 0 0 
13 68, F 105 3 100 48 0 0 30,200 0 + 0 + 
14 67, F 233 4 100 a + + 3,824 + + + 0 
15 73, F 205 4 100 12 0 0 2,582 0 f 0 0 
16 40,M 233 8 150 8 = 0 4,290 + 0 0 0 
17 72,F 150 10 100 8 0 O 3,795 + 0 + 0 
18 67, F 72 12 100 8 0 0 3,800 0 if 0 + 
19 72,M 150 14 100 8 0 0 2,141 + + + 0 
20 65,M 180 15 100 12 0 i 3,620 a 0 0 0 
21 67, F 146 33 100 12 0 $ 4,110 + 0 0 + 
22 73,M 234 41 80 4 0 0 7,950 0 0 0 0 
23 61,M 182 108 80 12 0 + 7,400 0 + 0 0 
TotalorMeantSD 63412 180463 11424 104420 12410 2 4 9,535+6,219 11 10 8 6 
13 F (48%) (43%) (35%) (26%) 
(57%) 
Nonhemorrhagic infarcts 
24 50, M 89 0.2 83 ~ 0 0 — + + O 0 
25 69, M 115 0.3 60 — 0 0 — 0 0 0 0 
26 45,M 185 0.3 87 — 0 0 — 0 0 + 0 
27 62,M 77 1 100 12 0 0 999 0 + + U 
28 59, M 225 1 85 — 0 0 — + + 0 0 
29 62,M 240 1 100 24 0 0 2,704 + + 0 0 
30 75,M 230 2 150 36 0 0 2,838 + + 0 0 
31 47,F 140 2 100 12 0 0 5,005 0 0 + 0 
32 65, F 66 2 80 6 0 + 610 + + 0 0 
33 51,M 210 2 100 30 + 0 1,242 0 0 0 0 
34 67,M 150 3 100 12 0 0 687 0 0 0 ++ 
35 59, M 227 4 80 6 0 0 1,385 0 + + 0 
36 63, F 375 5 100 8 0 0 1,905 + + 0 0 
37 49,M 105 6 100 12 + 0 1,730 0 0 + 0 
38 57, M 215 7 100 8 + 0 2,400 + + 0 + 
39 67,M 90 8 100 16 0 0 1,844 + 0 + $ 
40 63, F 161 17 80 22 0 T 1,400 0 0 0 0 
41 67,M 120 21 150 8 0 0 2,976 + 0 0 ++ 
42 71,F 233 25 150 36 0 0 6,000 A 0 O + 
43 65,M 175 40+ 100 8 0 0 2,240 + — — + 
TotalorMean+SD 61+8 171475 7+10 100424 16+10 3 2 2,248+1,472 11 9 6 7 
5 F (55%) (47%) (32%) (35%) 
(25%) 


* Right ventricular necrosis, also; t blood in scar as well as in small amount of residual necrosis; * transplant 40 days after onset of symptoms: patient still alive: infarct looks 


hemorrhagic but blood is in dilated vessels only; § those with fibrosis. 


A= arrhythmia; AMI = acute myocardial infarction; CA = coronary artery; CABG = coronary artery bypass grafting; CK = creatine kinase: CP = chest pain; CS = cardiogenic shock; 


24 to 72 hours, 3 (50%) of 5 vs 4 (50%) of 8, p = 1.0; 
>72 hours, 3 (30%) of 10 vs 3 (38%) of 8, p = 0.74]. 

_ All thrombi in patients with hemorrhagic infarcts 
were nonocclusive, and all thrombi in patients with non- 
hemorrhagic infarcts were totally occlusive (p = 
0.0002). The amounts of platelets, fibrin and erythro- 
cytes appeared similar in the hemorrhagic and non- 
hemorrhagic groups, but the amount of leukocytes in 
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D= datation, H = hemorrhage (+ = major bleeding, ++ = fatal bleeding); HW = heart weight; IRA = infarct-related artery; LAD = left anterior descending coronary artery; LC = left 


thrombi of patients with hemorrhagic infarcts was less. 

Luminal narrowing: By examination of 5-mm seg- 
ments of the 4 major epicardial coronary arteries, 49 
(98%) of the 50 patients had at least 1 major epicardial 
artery narrowed >75% in luminal cross-sectional area 
by atherosclerotic plaque alone. Five patients (10%) had 
only 1 vessel narrowed >75% in cross-sectional area by 
plaque, 13 (26%) had 2-vessel disease and 31 (62%) had 
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circumflex coronary artery; LV = left ventricle; LVFW = left ventricular free wall; M = mean; N = necrosis; P = plaque; PM = postmortem; PR = plaque rupture; PTCA = percutaneous 
transluminal coronary angioplasty; R = right coronary artery; rt-PA = recombinant tissue plasminogen activator; S = segments; SD = standard deviation; SH = history of systemic hy- 


pertension; T = thrombus; VS = ventricular septum; + = present; 0 = absent; — = no information or not applicable. 
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Acute Myocardial Infarcts cS 
Percent LV a 
Rupture Location LV Wall No. major Total AT 
————  AMiat HealedAMI HW Weight LV CA. < CAS>75% 5-mm S A 
LVFW VS Necropsy (Location) (g) (g) N F D T by P IRA of RA PR HinP Y- 
0 0 P 0 535 — — — + 0 3 Lc 19 0 + e. 
0 0 A + (P) 350 -- — — ++ 0 3 LAD 16 0 0 ie 
0 + P 0 405 — — AE T ND 3 a ae + Bh. 
+ 0 A 0 375 — — -= 0 — — — = = = Er 
+ 0 A 0 570 — — + 0 1 LAD 27 + + SS 
0 0 A 0 295 — — — O 0 1 LAD 12 + + B 
0 0 P 0 350 — — — 0 g 3 R RE t 0 = 
0 0 P, VS 0 350 138 37 0 + + 3 R 18 + + bie 
0 0 L 0 325 132 24 0 o 0 3 RiR + + <i 
0 0 ps 0 360 138 25 0 0 + 3 R 19 + + ae i 
0 0 p* 0 370 139 33 0 + + 4 R 31 + + -Y 
0 0 A + (P) 450 199 24 5 0 0 3 LAD 18 O 0 a 
0 0 P 0 320 97 15 0 + 0 3 LC 9 + + a 
+ 0 A 0 420 146 15 0 0 + 2 LAD 19 + + Re 
$ 0 f + (P) 405 139 16 13 0 0 3 pe S2t eh 10 + A 
0 0 P 0 465 227 17 O + 0 2 R 12 + + p 
0 0 A + (P) 430 195 19 8 + 0 3 LAD 26 0 O wi 
0 + A 0 480 — — -— 0 + 1 LAD 14 + + a: 
O 0 A 0 455 151 48 0 + + 3 LAD 23 0 + 1s 
0 0 P O 450 169 18 0 0 0 3 R 16 + + “a 
0 0 A + (P) 480 141 26 10 O 0 2 LAD 15 0 O ey 
0 O A 0 415 121 33 0 O 0 1 LAD 10 O O “a 
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(17)% (9%) (52%) (26%) M = 447 + 68 10435 (48%) (32%) (61%) (18+6) (59%) (68%) co 
et 
0 0 A 0 440 — — — + 0 3 LAD 17. 0 0 | 
+ 0 P 0 555 — — 0 0 3 R28 + + 
0 0 A + (P) 615 — — — + 0 2 LAD 20 0 O 
0 O p* 0 465 — — —- 0 0 2 Re. tee + + 
0 0 A + (A) 490 197 20 5 + 0 3 LAD 17 + + 
0 0 p* 0 615 — — — 0 + 3 ey + + 
0 0 P 0 620 — — — + + 3 R 18 + + 
0 O p* O 350 143 31 0 0 + 2 Re fu: 2f + + 
0 O VS 0 630 - — 0 0 2 LAD 27 + + 
+ 0 p* 0 610 249 38 0 0 + 2 Roe + + 
+ O P + (A) 445 181 10 5 O 0 3 Re LaF + + 
0 0 pe 0 435 — — — + 0 3 R 17 + + 
0 + A 0 405 -— — = 0 0 2 LAD 9 0 + 
0 0 A 0 420 — — — 0 O 3 LAD 23 + 0 
0 0 A 0 355 167 10 0 0 0 3 LAD 22 + O 
0 0 A 0 505 = — — 0 — — — — — — 
0 + A 0 470 — — — + + 2 LAD 11 0 0 
0 0 A 0 455 186 22 0 + + 3 LAD 23 + + 
0 O p* 0 285 109 14 0 0 0 0 R 18 + + 
0 0 A O 280 144 35 0 ++ + 3 LAD 20 + + 
3 2 10A 3 472 + 109 172442 23411 142 8 7 11,30r4 389 15 14 
(15%) (10%) (50%) (15%) M =487 +101 5+0 (40%) (37%) (58%) (20+5) (79%) (74%) 


3- or 4-vessel disease. The infarct-related arteries were 
narrowed >75% by plaque at some point in 44 (88%) of 
50 patients. Comparisons between patients with hemor- 
rhagic infarcts and those with nonhemorrhagic infarcts 
showed similar numbers with at least 1 major coronary 
artery narrowed >75% [22 (100%) of 22 vs 18 (95%) of 
19] and similar numbers with 3 or 4 arteries narrowed 
>75% [14 (64%) of 23 vs 11 (58%) of 19; p = 0.71]. 


The number of infarct-related arteries narrowed >75% 
by plaque at some point was also similar between 
groups [21 (95%) of 22 vs 16 (84%) of 19]. Analysis of 
the 27 patients who received rt-PA without PTCA or 
CABG, and in whom AMI was confirmed at necropsy, 
showed no significant differences in degrees of cross- 
sectional area narrowing by atherosclerotic plaque alone 
between patients with hemorrhagic and nonhemorrha- 
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15 patients (40%) in whom the interval was >72 hours. 
The plaque rupture occurred at sites of pultaceous de- 
bris in all 26 of these patients and at 11 (85%) of the 13 
sites of thrombi in patients without PTCA; it was asso- 
ciated with hemorrhage into the plaque in all cases. The 
frequency of plaque rupture was similar between pa- 
tients with hemorrhagic and nonhemorrhagic infarcts 
[11 (55%) of 20 vs 12 (75%) of 16; p = 0.21]. When 
patients with CABG were excluded in addition to those 
with PTCA, the frequency of plaque rupture in the 2 
groups still was similar [9 (56%) of 16 vs 11 (79%) of 
14; p = 0.20]. 

Plaque hemorrhage: Hemorrhage into the athero- 
sclerotic plaque was present at some point in the infarct- 
related artery in 30 (71%) of 42 patients who did not 
have PTCA, and it occurred at 14 (88%) of the 16 sites 
of thrombus formation. The frequency of plaque hemor- 
rhage was similar in patients with and without hemor- 
rhagic infarcts [13 (65%) of 20 vs 11 (81%) of 16; p = 
0.28] even when patients with CABG were excluded as 
well [11 (69%) of 16 vs 12 (86%) of 14; p = 0.27]. 

Plaque composition: By planimetric analysis of all 
5-mm segments of the infarct-related arteries of the 33 
patients receiving rt-PA without PTCA or CABG, the 
mean percent reduction in luminal cross-sectional area 
by atherosclerotic plaque was 68 + 9%. By analysis of 
all segments irrespective of the degree of luminal nar- 
rowing, the plaques consisted of acellular fibrous tissue 
(61 + 15%, cellular fibrous tissue (15 + 12%), calcific 
deposits (14 + 12%) and lipid-rich pultaceous debris 
(amorphous, pale staining areas with abundant choles- 
terol clefts with or without erythrocytes and inflamma- 
tory cells) (8 + 7%). However, the percents of plaque 
occupied by calcific deposits and pultaceous debris were 
significantly greater in sections narrowed >75% in 
cross-sectional area by plaque than those narrowed 
<75% (calcific deposits, 18 + 14 vs 11 + 13%; p = 
0.002; pultaceous debris, 15 + 10 vs 5 + 7%; p = 
0.0001), and the amount of acellular fibrous tissue was 
less (51 + 12 vs 64 + 20%; p = 0.0003). However, 
analysis of all 5-mm sections narrowed >75% showed 
no significant differences in mean percents of these 
plaque components between patients with hemorrhagic 
and nonhemorrhagic infarcts (pultaceous debris, 13 + 
11 vs 18 + 9%, p = 0.18; calcific deposits, 14 + 12 vs 
20 + 14%, p = 0.25; acellular fibrous tissue, 49 + 14 vs 
53 + 11%, p = 0.39). 


DISCUSSION 

We studied at necropsy the hearts of 52 patients 
treated for AMI with rt-PA who died from 5 hours to 
260 days after onset of chest pain. All but 3 patients 
received rt-PA within 4 hours of the onset of chest pain. 
The acute infarcts were hemorrhagic by gross inspec- 
tion (with histologic confirmation) in 23, nonhemor- 
rhagic in 20, not visible grossly in 2 and, in 7, there was 
no acute necrosis by either gross or histologic examina- 
tion of multiple sections of the myocardium. In 4 of 
these 7 patients without acute infarcts, the interval from 
chest pain to death was <10 hours, which is often too 
early to detect the presence of necrosis by histologic ex- 
amination. In the remaining 3, only healed infarcts were 
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found, and the interval from chest pain to death was 37, 
62 and 260 days, which is often (certainly so in the lat- 
ter 2 cases) sufficient time for the infarct to heal. Of the 
8 patients who had PTCA after rt-PA, the infarcts were 
hemorrhagic in 2, nonhemorrhagic in 3, visible only his- 
tologically in 1, and not visible either grossly or histolog- 
ically in 2. Of the 6 patients who had CABG after rt- 
PA, the infarcts were hemorrhagic in 4 and nonhemor- 
rhagic in 2. 

The frequency of hemorrhagic infarcts in patients 
with fatal AMI without mechanical revascularization or 
thrombolytic therapy is rare. Mathey et al!! found no 
hemorrhagic infarcts on review of 195 patients, Waller 
et al’? found 3 (2%) of 119, and Fujiwara et alf report- 
ed 2 cases (3%) of hemorrhagic infarction in 60 patients 
with fatal AMI without thrombolytic therapy. 

The frequency of hemorrhagic infarcts in patients 
with fatal AMI treated with thrombolytic therapy is not 
well established due to the paucity of necropsy studies 
on such patients in general and on patients treated with 
rt-PA alone in particular. Fujiwara et al® found hemor- 
rhagic infarcts in 15 (83%) of 18 patients treated with 
intracoronary urokinase surviving 15 hours to 11 days 
from the onset of the AMI, including 3 (of the 15) pa- 
tients who had hemorrhagic infarcts with no evidence of 
recanalization during intracoronary infusion. Mathey et 
al'' found hemorrhagic infarcts in 4 of 6 patients whose 
infarct-related arteries were recanalized by intracoro- 
nary streptokinase, and nonhemorrhagic infarcts in all 
of 5 patients in whom streptokinase failed. Richardson 
et al'> found hemorrhagic infarcts in 6 of 8 patients 
treated with intravenous streptokinase with the infarct- 
related artery said to be patent in 4 of these 6. Waller et 
al'* found hemorrhagic infarcts in 14 (74%) of 19 pa- 
tients who were successfully recanalized by either strep- 
tokinase alone (9 patients), streptokinase with PTCA or 
guidewire manipulation (4 patients) or rt-PA with 
PTCA (1 patient). There were no comparisons with pa- 
tients in whom thrombolytic therapy or mechanical ma- 
nipulation was unsuccessful. Previous studies have, 
therefore, not established the frequency of hemorrhagic 
infarction among patients treated with rt-PA. In the 
present study of 43 patients receiving intravenous rt-PA 
during AMI, 23 (53%) had hemorrhagic infarcts, 20 
had nonhemorrhagic infarcts and 9 could not be classi- 
fied. When considering only those patients who received 
intravenous rt-PA alone (without PTCA or CABG), the 
frequency of hemorrhagic infarcts was still 53% (17 of 
32). 

There were no significant differences between pa- 
tients with hemorrhagic and nonhemorrhagic infarction 
with respect to mean age, frequency of history of sys- 
temic hypertension, heart weight (by sex), interval from 
chest pain to rt-PA infusion, interval from chest pain to 
peak creatine kinase, interval from chest pain to death, 
location of the myocardial necrosis, frequency of left 
ventricular dilatation, frequency of myocardial rupture 
(left ventricular free wall or ventricular septum) or fre- 
quencies of cardiogenic shock, fatal arrhythmias or fatal 
bleeding. 

The percent of women was greater among patients 
with hemorrhagic infarcts (57 vs 25%, p = 0.04). Califf 
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et al!> found a greater blood loss among women with 
AMI treated intravenously with rt-PA compared to 
men. We found also that the peak creatine kinase level 
was higher among patients with hemorrhagic compared 
to nonhemorrhagic infarcts (p = 0.047), which may be 
a reflection of the increased frequency of reperfusion in 
patients with hemorrhagic infarcts. 

Rupture of the left ventricular free wall or ventricu- 
lar septum occurred in 12 (23%) of the 52 patients. This 
does not exceed the range derived from necropsy studies 
of the frequency of rupture of the left ventricular free 
wall or ventricular septum published before the wide- 
spread use of cardiac care units (4 to 24%).'° The per- 
cent reported here is, in addition, lower than the overall 
frequency of rupture (31%) reported for 648 patients 
with fatal AMI studied in this laboratory since 1968.'° 
The frequency of rupture reported here is also similar to 
that reported among patients who participated in the 
ISAM trial!’ [10 (20%) of 49 cardiac deaths in strepto- 
kinase-treated group and 13 (21%) of 62 cardiac deaths 
in the placebo group]. We found the infarcts to be hem- 
orrhagic in 6 patients with myocardial rupture, non- 
hemorrhagic in 5, and in 1, no infarct was visible grossly 
or histologically; thus, no increase in frequency of myo- 
cardial rupture was found among patients with hemor- 
rhagic compared to nonhemorrhagic infarcts. 

Of 23 patients who survived 218 hours from the on- 
set of chest pain, myocardial necrosis involved a mean 
of 25 + 11% of the left ventricular wall. This percent is 
similar to the size of infarcts reported in patients with 
fatal AMI who did not receive thrombolytic therapy.!® 
This is not surprising since the patients who formed the 
present studies are those who died despite thrombolytic 
therapy. We found similar infarct sizes between patients 
with hemorrhagic and nonhemorrhagic infarcts. Fur- 
thermore, the interstitial hemorrhage was always con- 
fined to, and did not extend beyond, areas of necrosis. 
These results, therefore, support the suggestions that 
hemorrhage does not expand the infarct area.4~®!9,70 
They also suggest that the interstitial hemorrhage itself 
after rt-PA therapy does not increase the frequency of 
myocardial rupture or cardiogenic shock. 

We found significantly fewer right ventricular in- 
farcts in patients with hemorrhagic compared to non- 
hemorrhagic posterior infarcts. Right ventricular in- 
farcts are virtually always associated with infarcts of 
the posterior left ventricular wall and adjacent posterior 
portion of the ventricular septum.?! Whether the in- 
creased frequency of right ventricular infarcts in pa- 
tients with nonhemorrhagic infarcts is a reflection of the 
lower frequency of successful reperfusion suggested to 
occur in patients with posterior wall infarcts! is uncer- 
tain. 

Thrombi were found in the infarct-related artery at 
necropsy in 16 (32%) of 50 patients treated with rt-PA. 
This is lower than the reported frequency of coronary 
thrombi at necropsy in patients with fatal AMI who did 
not receive thrombolytic therapy [(60%)?, (74%)'*]. In 
addition, of the 16 thrombi, only 2 were in patients who 
died <24 hours after the onset of chest pain, while 7 
were in patients who died between 24 and 72 hours, and 
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7 thrombi were in patients dying >72 hours. It must 
be emphasized that the percentages of coronary thrombi 
found in the present study at necropsy include an uncer- 
tain number of thrombotic reocclusions in initially re- 
perfused arteries. There was no significant difference in 
infarct size between patients in whom a thrombus was 
found at necropsy and those in whom thrombi were not 
found. This is consistent with previous observations in 
Patients with fatal AMI without thrombolytic thera- 

l 

The frequencies of thrombi were similar in patients 
with hemorrhagic and nonhemorrhagic infarcts. How- 
ever, all thrombi remaining at necropsy in patients with 
hemorrhagic infarcts were nonocclusive and all thrombi 
in patients with nonhemorrhagic infarcts were totally 
occlusive (p = 0.0002). This finding supports the sug- 
gestion that vascular patency had been restored before 
death among patients with hemorrhagic infarcts. 

By examination of 5-mm segments of all 4 major 
epicardial coronary arteries, we found that 49 of the 50 
patients had at least 1 major epicardial coronary artery 
narrowed >75% at some point in cross-sectional area by 
atherosclerotic plaque alone, and that most of these had 
3- or 4-vessel disease. This extensive amount of coro- 
nary artery disease is consistent with previous studies of 
patients with first fatal AMI without thrombolytic ther- 
apy.? Comparisons between patients with and without 
hemorrhagic infarcts also showed no qualitative or 
quantitative differences in luminal narrowing of the 4 
major epicardial arteries or of the infarct-related arter- 
ies when analyzed separately. 

Plaque rupture was found at some point in the in- 
farct-related artery in 26 (62%) of 42 patients who did 
not have PTCA. It always occurred at sites of pulta- 
ceous debris in these patients, was seen at most sites of 
thrombi and was usually associated with hemorrhage 
into the plaque. These findings are consistent with the 
previous reports of association between plaque rupture, 
hemorrhage into a plaque and AMI in patients without 
thrombolytic therapy.2*-7° The association of plaque 
rupture with sites of extensive pultaceous debris forma- 
tion has been emphasized by others.*°?8 The frequen- 
cies of plaque rupture or hemorrhage into the plaque 
were similar in patients with hemorrhagic and non- 
hemorrhagic infarcts. In addition, as emphasized by 
Chesebro and Fuster,” even after successful thromboly- 
sis, plaque rupture, with the exposed thrombogenic 
stimuli such as collagen fibrils and pultaceous debris, 
remains a predisposing factor for thrombotic reocclu- 
sion. Of the 26 patients with plaque rupture, the major- 
ity were among those who died within 72 hours of onset 
of chest pain. However, 6 died >72 hours after chest 
pain, suggesting that plaque rupture cannot be excluded 
as a threat for reocclusion after this interval. 

By planimetric analysis of all 5-mm coronary seg- 
ments narrowed >75%, the percents of plaque occupied 
by acellular fibrous tissue, cellular fibrous tissue, calcif- 
ic deposits and pultaceous debris were found to be simi- 
lar to those of coronary artery plaques in patients with 
fatal AMI not receiving thrombolytic therapy“? By 
analysis of all 5-mm coronary segments, we also found 





similar percents of these plaque components in the in- 
farct-related arteries between patients with hemorrhagic 
and those with nonhemorrhagic infarcts. 

The present study shows that, although the frequen- 
cy of hemorrhagic infarction increases after thrombolyt- 
ic therapy with intravenous rt-PA, the hemorrhage does 
not appear to extend the infarct, and patients with hem- 
orrhagic infarcts (compared to patients with non- 
hemorrhagic infarcts) have no greater frequency of 
myocardial rupture, cardiogenic shock or fatal hemor- 
rhage, no differences in luminal narrowing, no differ- 
ence in frequency of coronary thrombi, plaque rupture 
or hemorrhage into the plaque and no differences over- 
all in plaque components. However, patients with hem- 
orrhagic infarcts had fewer right ventricular infarcts 
and had only nonocclusive thrombi. 
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Mechanisms of Stress-Induced ST Elevation 
and Negative T-Wave Normalization Studied 
by Serial Cardiokymogram in Patients 
with a Previous Myocardial Infarction 


Takeshi Ogawa, MD, Masanori Ishii, MD, Kaname lida, MD, Keiji lida, MD, Ryuichi Ajisaka, MD, 
Iwao Yamaguchi, MD, Yasuro Sugishita, MD, and Iwao Ito, MD 


Seventeen patients with a previous myocardial 


infarction were studied during pacing to character- 
ize the clinical correlates of ST elevation, to analyze 
the relation between ST elevation and negative T- 
wave normalization and to investigate the mecha- 
nism of these electrocardiographic changes. Myo- 
cardial ischemia was evaluated by measurement of 
blood lactate, and wall motion was analyzed using 
cardiokymographs concurrently and serially. Re- 
sults show that ST elevation and negative T-wave 
normalization were most marked in leads contain- 
ing abnormal Q waves, that ST elevation >1 mm 
during pacing was associated with a significant in- 
crease in left ventricular end-diastolic pressure and 
deterioration of left ventricular wall motion and 
that the magnitude of ST elevation and negative T- 
wave normalization was significantly correlated, 
but the latter appeared earlier and more markedly. 
In addition, there was no significant correlation be- 
tween the extent of either ST elevation or negative 
T-wave normalization and myocardial lactate pro- 
duction. 

Thus, ST elevation and negative T-wave normal- 
ization are caused by abnormal left ventricular wall 
motion rather than myocardial ischemia. Negative 
T-wave normalization is a more sensitive marker of 
abnormal wall motion than ST elevation in patients 
with a previous myocardial infarction. 

(Am J Cardiol 1990;65:962-966) 
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normalization have been observed during exercise 

stress testing in patients with a previous myocar- 
dial infarction. ST elevation was thought to reflect se- 
vere myocardial ischemia,'~> abnormal ventricular wall 
motion“? or reciprocal electrical phenomena, but 
mechanisms of ST elevation have not been fully eluci- 
dated. One of the reasons is that exercise- or pacing- 
induced ST elevation, myocardial ischemia and ventric- 
ular wall motion abnormality have not been quantified 
simultaneously and sequentially. Furthermore, the few 
studies of negative T-wave normalization in patients 
with a previous myocardial infarction have had conflict- 
ing results. Negative T-wave normalization has been 
considered to be either ischemic or nonspecific,+?:!° but 
its clinical significance is still unclear. 

The purposes of the present study were to character- 
ize the clinical correlates of ST elevation, to analyze the 
relation between ST elevation and negative T-wave nor- 
malization and to investigate the mechanisms of these 
electrocardiographic changes induced by pacing in pa- 
tients with a previous myocardial infarction. 


[sora ST elevation and negative T-wave 


METHODS 

The study population consisted of 17 men (16 with 
Q-wave and 1 with non-Q-wave previous myocardial in- 
farction). They were aged 50 + 10 (range 30 to 64) 
years. Previous myocardial infarction was diagnosed by 
a typical history of chest pain, electrocardiographic 
changes and an increase in serum cardiac enzymes. An 
abnormal Q wave was diagnosed according to the 
American Heart Association.'' The site of myocardial 
infarction was anterior in 13, inferior in 3 and antero- 
inferior in 1 patient. The interval between the onset of 
symptoms and the current study was 5.5 + 3.7 months. 
No cardiac medications were administered >12 hours 
before the study. 

More than 30 minutes after diagnostic cardiac cath- 
eterization and coronary arteriography, a 7Fr pigtail 
catheter was placed in the left ventricle and a 7Fr 
shunt-diagnosing catheter with an electrode was ad- 
vanced to the great cardiac vein. The location of the 
shunt-diagnosing catheter tip was confirmed by fluoros- 
copy after injection of contrast medium. Coronary ve- 
nous blood was obtained from this catheter so that 
blood could be sampled from the anterior and septal 
areas of the left ventricle.'* The cardiokymographic 
probe was placed at V34 (the fourth intercostal space of 


FIGURE 1. Recordings of the electrocar- 


diogram (ECG) and cardiokymogram 
(CKG) and measurement of left ventricular 
pressure (LVP) were performed before 
pacing, in the final 30 seconds of each 
pacing stage, after termination of each 
stage and 5 minutes after cessation of 
pacing. Lactate samples were drawn be- 
fore pacing, in the final 30 seconds of 
each pacing stage and 5 minutes after 
cessation of pacing. 


precordial lead V3 position), because by fluoroscopy this 
position was most frequently centered over the anterior 
left ventricle.!? The phonocardiographic probe was posi- 
tioned at the left margin of the sternum in the second 
intercostal space. The electrocardiogram was recorded 
in standard limb leads (I, II, III) and precordial leads 
(Vi, V3, Vs). The site at which Q wave width was 
>0.04 second was designated as Q area and that at 
which it fell to <0.04 second as non-Q area.!! Figure 1 
shows the study protocol. Heart rate was controlled by 
the shunt-diagnosing pacing catheter placed in the great 
cardiac vein. 

Pacing was begun at 90 beats/min and the pacing 
rate was increased by 20 beats/min every 3 minutes to 
an endpoint of 160 beats/min. In 7 patients 0.5 mg of 
atropine sulfate was administered to maintain intact 
atrioventricular conduction during pacing. Pacing was 
stopped when patients complained of chest pain or dys- 
pnea or when a pacing rate of 160 beats/min was 
attained. Recordings of the electrocardiogram and car- 
diokymogram (previously termed the displacement car- 
diograph) and measurement of left ventricular end-dia- 
stolic pressure were performed under basal conditions, 
in the final 30 seconds of and after termination of each 
pacing stage and 5 minutes after cessation of pacing. 
Data were acquired during held end-expiration at a pa- 
per speed of 100 mm/s. For postpacing data 3 consecu- 
tive cardiac cycles were averaged, beginning with the 
sixth cycle after pacing was abruptly discontinued.'* 
Blood samples for lactate determination were drawn im- 
mediately before termination of each pacing stage and 5 
minutes after cessation of pacing. 

Heart rate, ST deviation and amplitude of T wave 
were evaluated by electrocardiogram. Changes in ST el- 
evation were estimated 0.04 second after the J point and 
ST depression at 0.08 second after the J point,’ and 
were expressed as positive or negative mm, respectively. 
Amplitude of T wave was analyzed by measuring peak 
of the T wave from baseline, and was expressed as posi- 
tive or negative mm. Left ventricular end-diastolic pres- 
sure was measured coincident with the peak of the R 
wave. Blood samples were obtained from the left ventri- 
cle and great cardiac vein for the measurement of lac- 
tate concentration by an enzymatic method.'> Lactate 
extraction ratio was calculated and a value <0 is indica- 
tive of net myocardial lactate release, which was used as 
an indicator of myocardial ischemia.'® Because it has 
been reported that the earliest change in left ventricular 
wall motion induced by stepwise reduction in coronary 





blood flow accrues during late systolic and early isomet- 
ric relaxation,'’:'* the amplitude of the cardiokymo- 
gram was analyzed at the onset of the second sound of 
the phonocardiogram. It was expressed as positive or 
negative mm from the baseline, which was drawn at the 
intersection of the cardiokymogram and the vertical line 
0.04 second after Q wave or onset of R wave (Figure 2). 
Resting left ventricular ejection fraction was calculated 
from the biplane cineangiogram.!'? Coronary arteriogra- 
phy was performed using Judkins technique and signifi- 
cant stenoses were defined as 275% narrowing of lumi- 
nal diameter. 

The 6 patients who showed ST elevation 21 mm 
from the baseline ST level in V3 during pacing were 
designated as group 1. The 7 patients who showed ST 
elevation <1 mm and 4 patients who showed ST depres- 
sion in precordial V3 were designated as group 2. The 
patient with anteroinferior infarction showing ST eleva- 
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FIGURE 2. Cardiokymographic (CKG) data were expressed in 
terms of H amplitude (mm) from the baseline (horizontal 
dotted line). ECG = electrocardiogram; PCG = 

gram. 
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tion 21 mm in V; and no change in ST segment in lead 
II and III was placed in group 1. Three patients with 
inferior infarction manifested ST depression <1 mm in 
lead V3 without ST elevation in leads II and II and 
were considered part of group 2. Maximal postpacing 
ST deviation values were used for comparison of pa- 
tients in groups 1 and 2. Voluntary informed consent 
was obtained from all patients. 

Data are presented as mean + standard deviation. 
Student’s ¢ test and linear regression analysis were used 
for statistical analyses. 


RESULTS 

ST segments in the Q area became significantly ele- 
vated during pacing, but did not change in the non-Q 
area (Q area: 0.9 + 0.05 to 2.7 + 1.7 mm, p <0.01; 
non-Q area: 0.3 + 1.1 to 0.3 + 1.7 mm). Negative T- 
wave normalization was significant in both areas during 


P<0.001 
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FIGURE 3. The correlation between maximal change in mag- 
nitude of ST-segment elevation (AST V3) and negative T-wave 
normalization (NTWN) (AT V3) during pacing (r = 0.810, p 
<0.001) in groups 1 and 2 (A). NTWN changed 

at a pacing rate of 90 beats/min and ST-segment elevation at 
a pacing rate of 130 beats/min (8) in group 1. 
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pacing (Q area: —3.3 + 2.8 to 1.3 + 2.8 mm, p <0.001; 
non-Q area: 0.6 + 3.8 to 2.3 + 3.3 mm, p <0.05). Its 
magnitude in the Q area, however, was more marked 
than in the non-Q area (4.6 + 2.8 vs 1.6 + 2.3 mm, p 
<0.05). Although there was a significant correlation be- 
tween the magnitude of negative T-wave normalization 
and that of ST elevation during pacing (r = 0.810, p 
<0.001) (Figure 3A), the former occurred significantly 
at a pacing rate of 90 beats/min, while ST elevation 
was not significantly increased until a pacing rate of 
130 beats/min was attained (Figure 3B). 

Left ventricular wall motion determined by cardio- 
kymogram deteriorated significantly in group 1 during 
pacing (15.5 + 13.0 to 25.0 + 14.4 mm, p <0.01), but 
did not change significantly in group 2 (4.8 + 14.2 to 
—3.5 + 10.0 mm). In addition, maximal deterioration 
of cardiokymographic findings in group 1 was more 
marked than that in group 2 (9.5 + 5.3 vs —4.0 + 12.3 
mm, p <0.05) (Figure 4). 

Significant stenosis of the left anterior descending 
artery was noted in 5 of 6 patients in group 1 and 8 of 
11 patients in group 2. Left ventricular end-diastolic 
pressure increased significantly in group 1 (13.7 + 7.4 
to 21.7 10.4 mm Hg, p <0.05), but did not change in 
group 2 (9.8 + 3.9 to 13.0 + 7.5 mm Hg). Resting left 
ventricular ejection fraction of patients in group 1 was 
significantly lower than that in group 2 (42.8 + 8.3 vs 
56.8 + 10.4%, p <0.05). 

Lactate extraction ratio was available in 8 patients 
(anterior 5, inferior 2 and anteroinferior 1). Two of 
them showed lactate production during pacing. One pa- 
tient with a previous anteroinferior infarction com- 
plained of chest pain and lactate extraction ratio 
changed from 42 to —59% at a pacing rate of 160 
beats/min. In this patient reduction of negative T-wave 
amplitude and systolic inward motion were noted at a 
rate of 90 beats/min. ST elevation, negative T-wave 
normalization and systolic outward motion appeared at 
a pacing rate of 110 to 150 beats/min (Figure 5A). An- 
other patient with anterior infarction manifested lactate 
production at a pacing rate of 160 beats/min (0 to 
—20%), but ST elevation, increased positive T-wave am- 
plitude and deterioration of left ventricular wall motion 
were observed at a pacing rate of 130 beats/min. On 
the other hand, the patient with anterior infarction who 
did not show lactate production demonstrated ST eleva- 
tion, negative T-wave normalization and deterioration 
of cardiokymographic finding (Figure 5B). Three pa- 
tients with anterior infraction did not show ST elevation 
21mm and lactate production. Two patients with infe- 
rior infarction showed ST elevation <1 mm and minor 
changes in lactate extraction ratio. 


DISCUSSION 

Dissociation between electrocardiographic evidence 
of myocardial ischemia, symptoms and abnormal left 
ventricular function has been reported in patients with 
coronary artery disease.2°?! However in previous re- 
ports ST elevation and negative T-wave normalization, 
parameters of myocardial ischemia and left ventricular 
wall motion have not been evaluated simultaneously and 
sequentially, making it difficult to examine the mecha- 


nisms of and clinical significance of these electrocardio- 
graphic changes. Since cardiokymography appeared ap- 
plicable to the noninvasive detection and serial evalua- 
tion of regional contraction abnormalities in man,'’ we 
used it to analyze left ventricular wall motion. In the 
present study, severity of myocardial ischemia and ex- 
tent of left ventricular anterior wall motion abnormali- 
ties were evaluated simultaneously and sequentially 
from measurement of cardiac arteriovenous lactate dif- 
ference and the cardiokymogram, respectively, to clarify 
the possible mechanisms and clinical significance of 
these common electrocardiographic abnormalities. 
There are several conflicting reports on the clinical 
characteristics of ST elevation.'!-* Nosratian et al?” have 
reviewed a large number of recent articles on ST eleva- 
tion during exercise testing. Bruce et al”? have stated 


FIGURE 4. Left ventricular wall motion 
analyzed by cardiokymogram (CKG) dete- 
riorated significantly in group 1 patients (p 
<0.01) during pacing, but did not change 
significantly in group 2 patients (Jeff). The 
maximal change in CKG recording of pa- 
tients in group 1 was more marked than 
that in group 2 (p <0.05) (righf). 
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that clear association of ST elevation during exercise 
and recovery with prior myocardial infarction, poor ven- 
tricular function and congestive heart failure (as well as 
the associated poor survival and high incidence of cardi- 
ac events) exists in patients with coronary heart disease. 
Lahili et al® have stated that 17% of 215 patients with a 
previous myocardial infarction showed ST elevation 
over the infarcted zone and left ventricular wall motion 
abnormalities, of whom 89% were diagnosed as having 
left ventricular aneurysm in the presence or absence of 
reversible myocardial ischemia. Waters et al? also re- 
ported clear association of ST elevation with left ven- 
tricular segmental wall motion abnormalities. These in- 
vestigators seem to stress the role of abnormal left ven- 
tricular wall motion in exercise-induced ST elevation 
rather than reversible myocardial ischemia. 
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infarction complained of chest pain and lactate extraction rate 


yocardial 
changed from 42% to —59% at a pacing rate of 160 beats/min, but ST-segment elevation, NTWN and systolic outward motion 
appeared at a pacing rate of 110 to 150 beats/min (A). In another patient with anterior myocardial infarction lactate 


did not occur even when 


rate reached 160 beats/min, but ST-segment elevation, NTWN and an abnormal CKG tracing 


appeared at pacing rate of 130 to 150 beats/min. Abbreviations as in Figures 1 and 3. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15, 1990 965 





On the other hand Fox et al? reported that unlike 
many previous studies, angina was a frequent symptom 
in patients with ST elevation whether or not there was 
accompanying ST depression and that myocardial isch- 
emia plays an important role in inducing ST elevation 
in a substantial proportion. Karnegis et al have stated 
that 36% of patients who developed ST elevation during 
exercise showed a simultaneous ST depression in anoth- 
er lead, suggesting that exercise-induced ST elevation 
may, at least in part, be a reciprocal electrical phenome- 
non. 

Our results show that ST elevation was related to 
the deterioration of left ventricular wall motion—not to 
myocardial lactate production, an index of myocardial 
ischemia. Furthermore since 5 of 6 patients in group 1 
did not have significant stenosis in the right coronary 
artery, these findings excluded the role of reciprocal 
electrical phenomena. The precise mechanisms by 
which abnormal ventricular wall motion caused in- 
creased ST elevation during stress are not clear. It is 
known that body surface potentials are amplified by an 
increase in left ventricular volume.?4 Thus, differences 
in stress-induced changes in left ventricular volume 
could potentially account for the disparate observations 
of the extent of ST elevation that occurred in groups 1 
and 2 during pacing. 

There have been several reports regarding negative 
T-wave normalization in patients with a previous myo- 
cardial infarction. Atterhég et al? have reported that the 
increased amplitude of a negative T wave over the in- 
farcted area induced by exercise was not specific, but 
could be seen after injuries of varying degrees to the 
myocardium. Parodi et al and Noble et al!° have stated 
that several patients with a previous myocardial infarc- 
tion exhibited negative T-wave normalization during ex- 
ercise, which was attributed to myocardial ischemia, but 
they did not analyze left ventricular wall motion concur- 
rent with electrocardiographic and biochemical markers 
of ischemia. Thus, the role of wall motion abnormalities 
and ischemia of the left ventricle in negative T-wave 
normalization was not clarified. Our results show that 
negative T-wave normalization seems to have the same 
clinical significance as ST elevation, but may be a more 
sensitive marker for abnormal left ventricular wall mo- 
tion than ST elevation in patients with a previous myo- 
cardial infarction. 
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Important information 
_ to help you prescribe 
this new antiarrhythmic therapy. 


Rythmol and patient selection 


Indicated for the treatment of documented ventricular arrhythmias, such 

as sustained ventricular tachycardia, that in the judgment of the physician, 
are life threatening. There is no evidence from controlled trials that the use 
of any antiarrhythmic agent favorably affects survival or the incidence of 
sudden death. Therefore the use of Rythmol should be reserved for patients 
in whom in the opinion of the physician the benefits of treatment outweigh 
the risks. 


Rythmol contraindications 


Sinoatrial, atrioventricular and Uncontrolled congestive heart failure 
intraventricular disorders of Cardiogenic shock 
impulse generation and/or Bradycardia 


conduction (e.g., sick sinus 


Marked hypotension 
node syndrome, atrioventricular , , 
block) in the absence of an Manifest electrolyte imbalance 


artificial pacemaker Bronchospastic disorders 
Known hypersensitivity to the drug 


Rythmol and the CAST results 


Although Rythmol was not included in CAST, the applicability of the 
Cardiac Arrhythmia Suppression Trial results to other populations (e.g., 
those without recent myocardial infarction), to Rythmol, or to other anti- 
arrhythmic drugs is uncertain, but at present it is prudent to consider any 
1C agent, such as Rythmol to have a similar risk. 





See the full prescribing information for in depth details on warnings, 
precautions, side effects and dosage. 
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Excellent V- Tach efficacy 


Proven in a well-defined dose-response study:’ 

226 outpatients with structural heart disease and PVCs; 55% had 

episodes of non-sustained VT. 

e 68% of patients on 450 mg/day Rythmol therapy exhibited 100% 
suppression of episodes of non-sustained VT. 

° 91% of patients on 900 mg/day Rythmol therapy exhibited 100% 
suppression of episodes of non-sustained VT. 






















Proven in studies on patients with sustained V-Tach: 

e 10%’-36%' of patients achieved complete suppression of 
inducible VT during invasive electrophysiologic testing. Slowing 
of the inducible VT rate was seen in a large percentage of patients 
not completely suppressed. 

e In three separate studies, 39%’ (n = 14/36), 67%’ (n = 32/48) 

and 91%° (n= 10/11) of patients with VT/ VF who were initially 

discharged on Rythmol achieved long-term therapy success. 


Vaughan Williams Class 1C with beta blocking 
| JINN activity equal to 1/40 that of propranolol’ 


*Patients with bronchospastic disease should, in general, not receive 
propafenone. 





1. Singh BN, et al. American Heart J 116 (5): 1542-1551, 1988. 2. Haffajee Cl, et al. Circ. 80 (4): Il-652, 1989. 3. Valero 
de Pesce EM, et al. J. Electro 2 (3): 215-221, 1988. 4. Dugernier TH, et al. JAAC 9 (2): 244A, 1987. 5. Budde TH, et al. 
Eur Heart J 8 (S2): 97, 1987. 
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Cardiac: Discontinuance due to cardiac adverse 
effects within the first month of study: 3.6% 
at starting dose (450 mg); 4.9% at high dose 
(900 mg). Of 2,127 patients in the study, 971 had 


malignant arrhythmias at baseline.’ 


Proarrhythmia incidence 4.7%: In 2,127 patients 
studied at recommended dosages in U.S. 
multicenter trials, proarrhythmia was manifested 
as ventricular tachycardia/fibrillation in 4% of the 
patients, and as increased PVCs in 0.7%.° 

Of the patients who had new or worsening VT (4%), 92% had a history of 
VT and/or VT/VF, 71% had coronary artery disease, and 68% had a 
prior myocardial infarction. The incidence of proarrhythmia in patients 
with less serious or benign arrhythmias (a disease state for which the drug 
1s not indicated) which include patients with an increase in frequency of 


PVCs, was 1.6%. Most proarrhythmic events occurred during the first 
week of therapy. 


Non-Cardiac: 1.9% or less discontinuance due 
to non-cardiac side effects in each of the other 
body systems at 450 mg/day.’ 


6. Data on file, Knoll Pharmaceuticals. 
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CHF Incidence 


3.7% in 2,127 
Patients 


Of the 3.7%: 


e 80% of patients had pre-existing CHE. 
¢ 85% had CAD. 

















e 0.2% of patients without a prior history 
of CHE, attributed CHF to Rythmol. 





Clinical studies show 
minimal effect on LV function.” 


Study I—In 26 patients with a 
mean ejection fraction under 
35%, no statistically signifi- 
cant decrease in LV ejection 
fraction was seen as the dose 
was increased from 450 mg 
to 900 mg from baseline. 

Baker, et al, Practical Card 14: 117, 1988. 
Study IT —In 12 patients with ejection fractions under 40%, no 
significant reduction of LV ejection fraction was seen as de- 
termined by nuclear ventriculography. Brodsky, et al, Am Heart J;110:794-799, 1985, 


Ejection Fraction W Pre |_| Post 












Study ITI —42 patients were 
studied by radioventriculo- 
graphy in control and during 
propafenone therapy. For 
the group as a whole, prop- 
afenone did not affect LVEF 
(47% vs 45%, p=NS). 


Cueni, L; Podrid, PJ; Frnl Electrophystology 1:6, 548-560, 1987. 


Effect of Propafenone on Left Ventricular Function* 
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*p= NS for all categories 











*Rythmol® exhibits both a beta blocking and a 
dose related negative inotropic effect. Patients 
with CHF should be fully compensated be- 
fore Rythmol therapy is initiated. 
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Concomitant 
Use Experience 


With digitalis. Rythmol (propafenone HCl) produces dose 
related increases in serum digoxin levels. Patients on Rythmol 
plus digoxin therapy should have plasma levels measured. 
Digoxin dosage should ordinarily be reduced when Rythmol 
is started. 





With warfarin. In patients receiving Rythmol and warfarin 
concomitantly, warfarin mean steady-state plasma concentra- 
tions increased 39% with corresponding increase in prothrom- 
bin times of approximately 25%. It is therefore recommended 
that prothrombin times be routinely monitored, and the dose 
of warfarin be adjusted if necessary. 





With propranolol. Concomitant administration of Rythmol 
and propranolol has resulted in substantial increases in 
propranolol plasma concentration and elimination half-life 
with no change in propafenone plasma levels from control 
values. While the therapeutic range for beta blockers is wide, 
a reduction in dosage may be necessary during concomitant 
administration with Rythmol. 





With calcium channel blockers. Concomitant therapy of 
Rythmol with diuretics and calcium channel blockers has 
been reported without evidence of clinically significant 
adverse reactions. 


With cimetidine. In normal patients concomitant administra- 
tion of Rythmol and cimetidine resulted in a 20% increase in 
steady-state plasma concentrations of Rythmol with no detect- 
able changes in electrocardiographic parameters beyond that 
measured on Rythmol alone. 


Rythmol 


propatenone HC! 


mg and 300 mg scored tablets 
INDICATIONS AND USAGE 
RYTHMOL (propafenone HCI) is indicated for the treatment of documented ventricular 
arrhythmias, such as sustained ventricular tachycardia, that in the judgement of the 
physician, are life threatening. Because of the proarrhythmic effects of RYTHMOL, its use 
should be reserved for patients in whom, in the opinion of the physician, the benefits of 
treatment outweigh the risks. The use of RYTHMOL is not recommended for use in patients 
with less severe ventricular arrhythmias, even if the patients are symptomatic. Use of 
RYTHMOL for the treatment of sustained ventricular tachycardia, like other antiarrhythmics, 
should be initiated in the hospital. 
CONTRAINDICATIONS 
RYTHMOL (propafenone HCI) is contraindicated in the presence of uncontrolled congestive 
heart failure, cardiogenic shock, sinoatrial, atrioventricular and intraventricular disorders of 
impulse generation and/or conduction (e.g., sick sinus node syndrome, atrioventricular 
block) in the absence of an artificial pacemaker, bradycardia, marked hypotension, bron- 
chospastic disorders, manifest electrolyte imbalance, and known hypersensitivity to the drug. 
WARNINGS: 
Mortality: In the National Heart Lung and Blood Institute’s Cardiac Arrhythmia Suppression 
Trial (CAST), a longterm, multicenter, randomized, double blind study in patients with 
asymptomatic non life threatening ventricular ectopy who had a myocardial infarction more 
than six days but less than two years previously and demonstrated mild to moderate left 
ventricular dysfunction, an excessive mortality or nonfatal cardiac arrest rate was seen in 
patients treated with encainide or flecainide (56/730) compared with that seen in patients 
assigned to carefully matched placebo treated groups (22/725). The average duration of 
treatment with encainide or flecainide in this study was ten months.The applicability of these 
results to other populations (e.g., those without recent myocardial infarction and to other 
antiarrhythmic drugs) is uncertain, but at present it is prudent (1) to consider any IC agent 
(especially one documented to provoke new serious arrhythmias) to have a similar risk and 
(2) to consider the risks of Class IC agents, coupled with the lack of any evidence of 
improved survival, generally unacceptable in patients without life threatening ventricular 
arrhythmias, even if the patients are experiencing unpleasant, but not life threatening, 
symptoms or signs. 
Proarrhythmic Effects 
RYTHMOL, like other antiarrhythmic agents, may cause new or worsened arrhythmias. Such 
proarrhythmic effects range from an increase in frequency of PVCs to the development of 
more severe ventricular tachycardia, ventricular fibrillation or torsade de pointes; i.e., 
tachycardia that is more sustained or more rapid which may lead to fatal consequences. It is 
therefore essential that each patient given RYTHMOL be evaluated electrocardiographically 
and clinically prior to, and during therapy to determine whether the response to RYTHMOL 
(propafenone HCI) supports continued treatment.Overall in clinical trials with propafenone, 
4.7% of all patients had new or worsened ventricular arrhythmia possibly representing a 
proarrhythmic event (0.7% was an increase in PVCs; 4.0% a worsening, or new appearance, 
of VT or VF). Of the patients who had a worsening of VT (4%), 92% had a history of VT 
and/or VT/VF, 71% had coronary artery disease, and 68% had a prior myocardial infarction. 
The incidence of proarrhythmia in patients with less serious or benign arrhythmias, which 
include patients with an increase in frequency of PVCs, was 1.6%. Although most 
proarrhythmic events occurred during the first week of therapy, late events also were seen 
and the CAST study (see above) suggests that an increased risk is present throughout 
treatment. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, emphysema) 
PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GENERAL, NOT RECEIVE 
PROPAFENONE or other agents with beta adrenergic blocking activity. 
Congestive Heart Failure 
During treatment with oral propafenone in patients with depressed baseline function (mean 
EF=33.5%), no significant decreases in ejection fraction were seen. In clinical trial 
experience, new or worsened CHF has been reported in 3.7% of patients; of those 0.9% were 
considered probably or definitely related to RYTHMOL. Of the patients with congestive heart 
failure probably related to propafenone, 80% had preexisting heart failure and 85% had 
coronary artery disease. CHF attributable to RYTHMOL developed rarely (<0.2%) in patients 
who had no previous history of CHF. As RYTHMOL exerts both beta blockade and a (dose 
related) negative inotropic effect on cardiac muscle, patients with congestive heart failure 
should be fully compensated before receiving RYTHMOL. If congestive heart failure 
worsens, RYTHMOL should be discontinued (unless congestive heart failure is due to the 
cardiac arrhythmia) and, if indicated, restarted at a lower dosage only after adequate cardiac 
compensation has been established. 
Conduction Disturbances 
RYTHMOL slows atrioventricular conduction and also causes first degree AV block. Average 
PR interval prolongation and increases in QRS duration are closely correlated with dosage 
increases and concomitant increases in propafenone plasma concentrations. The incidence 
of first degree, second degree, and third degree AV block observed in 2,127 patients was 
2.5%, 0.6%, and 0.2%, respectively. Development of second or third degree AV block 
requires a reduction in dosage or discontinuation of RYTHMOL. Bundle branch block (1.2%) 
and intraventricular conduction delay (1.1%) have been reported in patients receiving 
propafenone. Bradycardia has also been reported (1.5%). Experience in patients with sick 
sinus node syndrome is limited and these patients should not be treated with propafenone. 
Effects on Pacemaker Threshold 
RYTHMOL may alter both pacing and sensing thresholds of artificial pacemakers. 
Pacemakers should be monitored and programmed accordingly during therapy. 
Hematologic Disturbances 
One case of agranulocytosis with fever and sepsis, probably related to use of propafenone, 
was seen in U.S. clinical trials. The agranulocytosis appeared after 8 weeks of therapy. 
Propafenone therapy was stopped and the white count had normalized by 14 days. The 
patient recovered. In the course of over 800,000 patient years of exposure during marketing 
outside the U.S. since 1978, seven additional cases have been reported. In one of these, 
concomitant captopril, a drug known to cause agranulocytosis, was used. Unexplained fever 
and/or decrease in white cell count, particularly during the first three months of therapy, 
warrant consideration of possible agranulocytosis/granulocytopenia. Patients should be 
instructed to promptly report the development of any signs of infection such as fever, sore 
throat, or chills. 
PRECAUTIONS 
Hepatic Dysfunction: 
Propafenone is highly metabolized by the liver and should, therefore, be administered 
Cautiously to patients with impaired hepatic function. The dose of propafenone given to 
patients with impaired hepatic function should be significantly reduced. Careful monitoring 
for excessive pharmacological effects (see OVERDOSAGE) should be carried out. 
Renal Dysfunction: 
A considerable percentage of propafenone metabolites (18.5%-38% of the dose/48 hours) 
are excreted in the urine. Until further data are available, RYTHMOL should be administered 





cautiously to patients with impaired renal function. These patients should be carefully 
monitored for signs of overdosage (see OVERDOSAGE). 

Elevated ANA Titers: 

Positive ANA titers have been reported in patients receiving propafenone. Patients who 
develop an abnormal ANA test should be carefully evaluated and, if persistent or worsening 
elevation of ANA titers is detected, consideration should be given to discontinuing therapy. 
Impaired Spermatogenesis: 

Reversible disorders of spermatogenesis have been demonstrated in monkeys, dogs and 
rabbits after high dose intravenous administration. Evaluation of the effects of short term 
propafenone administration on spermatogenesis in 11 normal subjects suggests that 
propafenone produced a reversible, short term drop (within normal range) in sperm count. 
Subsequent evaluations in 11 patients receiving propafenone chronically have suggested no 
effect of propafenone on sperm count. 

Drug Interactions: Quinidine: Small doses of quinidine completely inhibit the hydroxylation 
metabolic pathway, making all patients, in effect, slow metabolizers. There is, as yet, too little 
information to recommend concomitant use of propafenone and quinidine. Local 
Anesthetics: Concomitant use of local anesthetics may increase the risks of central nervous 
system side effects. Digitalis: RYTHMOL produces dose related increases in serum digoxin 
levels ranging from about 35% at 450 mg/day to 85% at 900 mg/day propafenone without 
affecting digoxin renal clearance. Digoxin dosage should ordinarily be reduced when 
propafenone is started. Beta-Antagonists: Propafenone appears to inhibit the hydroxylation 
pathway for propranolol and metoprolol (just as quinidine inhibits propafenone metabolism). 
While the therapeutic range for beta-blockers is wide, a reduction in dosage may be 
necessary during concomitant administration with propafenone. Warfarin: In a study of 
eight healthy subjects receiving propafenone and warfarin concomitantly, mean steady-state 
warfarin plasma concentrations increased 39% with a corresponding increase in 
prothrombin times of approximately 25%. It is therefore recommended that prothrombin 
times be routinely monitored and the dose of warfarin be adjusted if necessary. Cimetidine: 
Concomitant administration of propafenone and cimetidine in 12 healthy subjects resulted in 
a 20% increase in steady-state plasma concentrations of propafenone with no detectable 
changes in electrocardiographic parameters beyond that measured on propafenone alone. 
Other: Limited experience with propafenone combined with calcium antagonists and 
diuretics has been reported without evidence of clinically significant adverse reactions. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Life time maximally tolerated oral 
dose studies in mice (up to 360 mg/kg/day) and rats (up to 270 mg/kg/day) provided no 
evidence of a carcinogenic potential for propafenone. RYTHMOL was not mutagenic when 
assayed for genotoxicity. Pregnancy Teratogenic Effects: Pregnancy Category C.: 
Propafenone has been shown to be embryotoxic in rabbits and rats when given in doses 10 
and 40 times, respectively, the maximum recommended human dose. No teratogenic 
potential was apparent in either species. There are no adequate and well controlled studies in 
pregnant women. Propafenone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. Pregnancy Nonteratogenic Effects: In a perinatal and 
postnatal study in rats, propafenone, at dose levels of 6 or more times the maximum 
recommended human dose, procuced dose dependent increases in maternal and neonatal 
mortality, decreased maternal and pup body weight gain and reduced neonatal physiological 
development. Labor and Delivery: It is not known whether the use of propafenone during 
labor or delivery has immediate or delayed adverse effects on the fetus, or whether it 
prolongs the duration of labor or increases the need for forceps delivery or other obstetrical 
intervention. Nursing Mothers: It is not known whether this drug is excreted in human milk. 
Because many drugs are excreted in human milk and because of the potential for serious 
adverse reactions in nursing infants from RYTHMOL, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 

Pediatric Use: The safety and efficacy of RYTHMOL in children has not been established. 
Geriatric Use: There do not appear to be any age-related differences in adverse reaction rates 
in the most commonly reported adverse reactions. Because of the possible increased risk of 
impaired hepatic or renal function in this age group, RYTHMOL should be used with caution. 
The effective dose may be lower in these patients. 

ADVERSE REACTIONS 

Adverse reactions associated with RYTHMOL (propafenone HCI) occur most frequently in the 
gastrointestinal, cardiovascular, and central nervous systems. About 20% of patients 
discontinued due to adverse reactions. 

Adverse reactions reported for >1% of 2,127 patients who received propafenone in U.S. 
Clinical trials are presented in the following list. Dizziness, Nausea and/or Vomiting, Unusual 
Taste, Constipation, Fatigue, Dyspnea, Proarrhythmia, Angina, Headache(s), Blurred Vision, 
CHF, Ventricular Tachycardia, Dyspepsia, Palpitations, Rash, First Degree AV Block, Diarrhea, 
Weakness, Dry Mouth, Syncope/Near Syncope, Increased QRS Duration, Chest Pain, 
Anorexia, Abdominal Pain/Cramps, Ataxia, Insomnia, Premature Ventricular Contraction(s), 
Bradycardia, Anxiety, Edema, Tremor(s), Diaphoresis, Bundle Branch Block, Drowsiness, 
Atrial Fibrillation, Flatulence, Hypotension, Intraventricular Conduction Delay, Joint(s) Pain. 

In addition, the following adverse reactions were reported less frequently than 1% either in 
Clinical trials or in marketing experience (adverse events for marketing experience are given 
in italics). Causality and relationship to propafenone therapy can not necessarily be judged 
from these events. Cardiovascular System: Atrial flutter, AV dissociation, cardiac arrest, 
flushing, hot flashes, sick Sinus syndrome, sinus pause or arrest, supraventricular 
tachycardia. Nervous System: Abnormal dreams, abnormal speech, abnormal vision, apnea, 
coma, confusion, depression, memory loss, numbness, paresthesias, psychosis/mania, 
seizures (0.3%), tinnitus, unusual smell sensation, vertigo. Gastrointestinal: A number of 
patients with liver abnormalities associated with propafenone therapy have been reported in 
foreign postmarketing experience. Some appeared due to hepatocellular injury, some were 
cholestatic and some showed a mixed picture. Some of these reports were simply 
discovered through clinica! chemistries, others because of clinical symptoms. One case was 
rechallenged with a positive outcome. Cholestasis (0.1%), elevated liver enzymes (alkaline 
phosphatase, serum transaminases) (0.2%), gastroenteritis, hepatitis (0.03%) Hematologic: 
Agranulocytosis, anemia, bruising, granulocytopenia, increased bleeding time, \eukopenia, 
purpura, thrombocytopenia. Other: Alopecia, eye irritation, hyponatremia/inappropriate ADH 
secretion, impotence, increased glucose, kidney failure, positive ANA (0.7%), lupus 
erythematosis, muscle cramps, muscle weakness, nephrotic syndrome, pain, pruritus. 
OVERDOSAGE 

The symptoms of overdosage, which are usually most severe within 3 hours of ingestion, 
may include hypotension, somnolence, bradycardia, intraatrial and intraventricular 
conduction disturbances, and rarely convulsions and high grade ventricular arrhythmias. 
Defibrillation as well as infusion of dopamine and isoproterenol have been effective in 
controlling rhythm and blood pressure. Convulsions have been alleviated with intravenous 
diazepam. General supportive measures such as mechanical respiratory assistance and 
external cardiac massage may be necessary. 
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Effective 
Antiarrhythmic Therapy 
with a Unique 
Pharmacologic Profile 


Excellent V-Tach efficacy: Rythmol provided effective 
suppression of VT beats in patients with either sustained 
or non-sustained VT. 

Safety Profile: 3.6% discontinuance due to cardiac and 
1.9% or less discontinuance due to non-cardiac side effects 
at 450 mg/day (N = 1430). 

Beta Blocker Activity: equal to 1/40th of propranolol. 
Patients with bronchospastic disease should, in general, 
not receive propafenone. 


Available in 150 mg and 300 mg scored tablets. 


Recommended Dosage 


Begin therapy with Rythmol 150 mg 
t.1.d. (450 mg/day) 


Increase to 225 mg t.1.d. (incremental 
(/ increases can be implemented after 
3 or 4 days) (675 mg/day) 


If necessary increase to 300 mg t.i.d. (Maximum 
recommended dose 900 mg per day) 





. 
knoll 
BASF Group 


4820/1-90 


tAm f il) 


Printed in U.S.A. 





Heparin and Infarct Coronary Artery Patency 
After Streptokinase in Acute Myocardial 
Infarction 


Edward F. Mahan, Ill, MD, Jerry W. Chandler, MD, William J. Rogers, MD, Hrudaya R. Nath, MD, 
L. Richard Smith, PhD, Patrick L. Whitlow, MD, William P. Hood, MD, Russell C. Reeves, MD, 
and William A. Baxley, MD 


Anticoagulant therapy is frequently used after 


thrombolytic agents in the treatment of acute myo- 
cardial infarction (AMI) although it is unclear that 
such therapy will prevent subsequent infarct vessel 
reocclusion. The role of duration of heparin therapy 
in maintaining infarct artery patency was studied 
retrospectively in 53 consecutive AMI patients who 
received streptokinase therapy and underwent cor- 
onary angiography acutely and at 14 + 1 days. Of 
the 39 patients with initial infarct vessel patency, 
patency at follow-up angiography was observed in 
100% (22 of 22) of those who received 24 days of 
intravenous heparin but in only 59% (10 of 17) of 
those patients who received <4 days of heparin (p 
<0.05). Of the 14 patients not initially recanalized 
after streptokinase, patent infarct-related arteries 
at follow-up angiography were found in 3 of 8 
(38%) treated with 24 days of heparin therapy but 
in none of the 6 patients treated for <4 days (dif- 
ference not significant). No significant difference in 
hemorrhagic complications was noted between the 
short- and long-term heparin treatment groups. 
Thus, 24 days of intravenous heparin therapy after 
successful streptokinase therapy in AMI is more ef- 
fective in maintaining short-term infarct vessel 
patency than a shorter duration of therapy and it 
may maintain the short-term patency of the infarct 
vessel in those patients who later spontaneously 
recanalize. 

(Am J Cardiol 1990;65:967-972) 


From the Division of Cardiovascular Disease, Department of Medicine, 


University of Alabama at Birmingham, Birmingham, Alabama. Manu- 
script received October 6, 1989; revised manuscript received and ac- 
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to 90% of patients with early clinical signs of 

acute myocardial infarction (AMI).! In approx- 
imately 50 to 75% of patients successful nonsurgical re- 
perfusion of the infarct-related vessel can be accom- 
plished with the thrombolytic agent streptokinase.*+ 
Unfortunately, reocclusion occurs at 48 hours in 10 to 
35% of patients>-’ and subsequent reinfarction is associ- 
ated with a high mortality rate. Various pharmacologic 
strategies to decrease the reocclusion rate after throm- 
bolytic therapy have been proposed, including intracoro- 
nary nitroglycerin,? maintenance infusion of recombi- 
nant tissue-type plasminogen activator,'? aspirin,!! 
dipyridamole! and heparin treatment.'> Controversy 
exists regarding the necessity of heparin treatment after 
thrombolytic therapy,'*:!> optimal dosage, timing of ini- 
tiation and duration of heparin therapy.>-°*:'® Despite 
this controversy heparin therapy after thrombolytic 
therapy is widely used; there is increasing evidence that 
the risk of reocclusion,'? reinfarction!” and vascular 
mortality!' may be reduced. This study was performed 
to determine the importance of heparin therapy dura- 
tion in maintaining short-term infarct vessel patency in 
AMI patients after treatment with streptokinase. 


Ot coronary thrombi are observed in 80 


METHODS 

Patient population: Fifty-three consecutive patients 
who met the following criteria were studied retrospec- 
tively: age <70 years; presentation suggestive of AMI 
and/or electrocardiographic changes consisting of ST- 
segment elevation of 21.5 mm in 22 leads; no contra- 
indication to thrombolytic therapy; onset of symptoms 
to initiation of therapy no >12 hours; and follow-up an- 
giography 14 + 1 days after AMI. The patients under- 
went early and late cardiac catheterization as part of a 
research protocol investigating the difference in patency 
rates between intracoronary and intravenous streptoki- 
nase. The protocol received institutional review board 
approval. 

Fifteen patients were treated with intravenous strep- 
tokinase (0.5 to 1.5 million units administered over 30 
to 45 minutes) and 38 patients were administered intra- 
coronary streptokinase (240,000 units over 1 hour). One 
patient failed intravenous streptokinase and was then 
administered intracoronary streptokinase. In the <4 day 
heparin-treatment group 9 patients received strepto- 
kinase within 6 hours and 14 patients received strepto- 
kinase between 6 and 12 hours. Of the 24 days hepa- 
rin-treatment group 17 patients received streptokinase 
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Heparin Duration 
<4 Days 24 Days 
(n = 23) (n = 30) 


Age (yr) 

Sex: M/F 

Prior myocardial infarction 

Prior coronary bypass grafting 

Myocardial infarction site 
Anterior /lateral 


Posterior /inferior 
Non-Q-wave 
Occluded infarct artery 
Streptokinase route* 
Intracoronary 16 
Intravenous 8 
Stenosis change after IC TNG (%) 1+1 
Catheterization arrhythmias 8 
Mean arterial pressure (mm Hg) 10243 
Data are mean + standard error of the mean. The p values for the comparison of 
each variable in the <4 days versus 24 days groups were not significant. 


* One patient received streptokinase by both routes. 
IC TNG = intracoronary nitroglycerin. 


within the first 6 hours and 13 patients received strepto- 
kinase from 6 to 12 hours after their symptoms began. 
The timing of streptokinase administration after symp- 
tom onset was not significantly different between the 
short- and long-term heparin groups. Two patients un- 
derwent percutaneous transluminal coronary angio- 
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TABLE Il Initial Post-Streptokinase Cardiac Catheterization 
Data 


Heparin Duration 


(No. Patients) 


<4 Days 


Infarct-Related Artery 
Stenosis (%) 





plasty immediately after streptokinase administration. 
One patient had coronary artery bypass graft surgery 
on the second postinfarction day. 

After thrombolytic therapy heparin was adeninis- 
tered in doses to maintain the partial thromboplastin 
time at 1.5 to 2.0 times control. Partial thromboplastin 
times were drawn every 6 hours for the first 48 hours 
and thereafter at the attending physicians’ discretion. 
All patients had partial thromboplastin times occasion- 
ally <1.5 times control, most notably within the peri- 
catheterization period when heparin was temporarily 
discontinued. The duration of heparin therapy was left 
to the discretion of the patient’s attending physician. All 
patients, with the exception of 1, were treated with di- 
pyridamole 50 mg orally 3 times a day and aspirin 325 


FIGURE 1. Schematic of study patient dis- 
tribution into patent and occluded infarct- 
related arteries at immediate post- 
streptokinase angiography and at 
follow-up angiography. AMI = acute 
myocardial infarction; SK = strepto- 
kinase. 


FOLLOWUP 
ANGIO- 
GRAPHY 


FIGURE 2. Patients with patent infarct- 
related arteries after streptokinase who 
received >4 days of intravenous heparin 
and remained patent at follow-up cathe- 
terization. Those patients who received a 
shorter duration of heparin were not uni- 
versally patent at follow-up catheteriza- 
tion. 
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mg between the initial and follow-up arteriograms. An- 
tiplatelet therapy began immediately after the initial 
catheterization in all but 1 patient. 

Coronary angiography was performed acutely and at 
14 + 1 days after admission. The Seldinger trans- 
femoral artery approach was used and multiple oblique 
views were obtained; the lesions were assessed by a car- 
diac radiologist and 2 cardiac angiographers. The steno- 
ses were measured with calipers and estimated in com- 
parison to the normal adjacent artery. 

Statistical analysis: Data are expressed as mean + 
standard error. Proportions were compared using the 
chi-square or Fisher’s exact test where appropriate. 
Continuous variables were compared using the Stu- 
dent’s ¢ test. The variables assessed for correlation with 
infarct vessel patency at follow-up angiography were de- 
termined by stepwise linear regression analysis. 


RESULTS 

Patient characteristics: Fifty-three patients met the 
criteria for inclusion into the study. The short- and long- 
term heparin treatment groups were similar in charac- 
teristics as shown in Tables I and II. Ninety-two percent 
(49 of 53) of the patients had occluded infarct vessels at 
the initial cardiac catheterization. The clinical charac- 
teristics of the subgroup of 39 patients with patent in- 
farct arteries after streptokinase in the short- and long- 
term heparin treatment groups were not statistically dif- 
ferent. 

Infarct vessel patency: After streptokinase adminis- 
tration 39 of 53 patients (74%) had a patent infarct ves- 
sel verified angiographically and of these initially “suc- 
cessful” streptokinase patients, 32 (60%) had patent in- 
farct-related vessels at follow-up angiography 14 + 1 
days later; the remaining 7 (13%) patients who initially 
reperfused had reoccluded at follow-up angiography 





TABLE Ill Variables Assessed for Correlation with Infarct 
Vessel Patency at Follow-Up Cardiac Catheterization 


Variables Coefficient* p Value 


Initial post-SK stenosis (%) 
Heparin duration (days) 

Infarct coronary artery 

Mean arterial pressure (mm Hg) 


* Stepwise multivariate analysis. 
NS = not significant; SK = streptokinase. 





TABLE IV Hemorrhagic Complications 


Heparin Duration 
<4 Days 24 Days 
(n = 23) (n = 30) 


Patients with bleeding complications (%) 5 (22) 7 (23) 
Bleeding requiring transfusion (%) 4(17) 3 (10) 
Puncture site hematoma (%) 3 (13) 4 (13) 
Retroperitoneal hematoma (%) 1 (4) 1 (3) 
Gastrointestinal hemorrhage (%) 1 (4) 0 (0) 
Death /intracranial hemorrhage (%) 0 (0) 0 (0) 
No complication (%) 18 (78) 23 (77) 





(Figures 1 and 2). Of the 14 patients with occluded in- 
farct vessels at the initial catheterization, 3 patients had 
patent infarct-related vessels at follow-up angiography 
and 11 remained persistently occluded. 

Twenty-two of the 39 (56%) patients who initially 
reperfused after streptokinase received 24 days of in- 
travenous heparin (mean 9.8) and all of these patients 
had patent infarct vessels at follow-up angiography 
(Figures 2 and 3). The remaining 17 of 39 (44%) pa- 
tients with successful thrombolysis received <4 days of 
intravenous heparin (mean 1.3) and only 10 of 17 
(59%) of these patients had patent infarct vessels at fol- 
low-up catheterization (p <0.05). Reocclusion at fol- 
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FIGURE 3. Patency status of infarct- 
related artery at follow-up angiography 
in long- (Jeff) and short-term (righf) 
heparin groups. IV = intravenous; SK = 
streptokinase. 





S oN 
PATENT 

AT FOLLOWUP 

ANGIOGRAPHY 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15, 1990 969 


a" FFA Jae nd b „4 Ea vr O KA x aii 
ES AI G e SE EELE a LTE PA Oe, Y Ea A TE 


aga 
> ae FL 
€ 








a 


TALE Wig 


EN 


re 


z533 


a ae 
~ si a ep 
+ 


TENT 


a RY 


A 


=) 


asa 





a. 
- 


RTS 
S : P ~ 


= i> 
r 


CE, SF 


Fe OSS ASSL Py a Pp EST 
` ' ea" = Te uT a> 


ae At abel stan 


low-up angiography occurred only in the short-term 
anticoagulation patients (Figure 2). 

Three patients underwent revascularization proce- 
dures after streptokinase administration. One patient 
from each heparin treatment group underwent percuta- 
neous transluminal angioplasty within 24 hours of strep- 
tokinase administration and both patients had persis- 
tently patent infarct vessels at angiography 2 weeks 
later. One patient from the short-term heparin group 
underwent coronary bypass grafting on the second post- 
infarct day and the infarct vessel remained patent at 
follow-up angiography. 

Infarct vessel caliber: To assess the role of vessel 
caliber on reocclusion frequency, patients with initial re- 
canalization of infarct-related vessels were classified ac- 
cording to patency status at follow-up angiography 
(Figure 4). The reoccluded and patent infarct artery 
groups overlapped but the early reocclusion group had 
higher poststreptokinase residual stenoses, 92 + 2% ver- 
sus 73 + 4% for the persistently patent group (p <0.05). 

Stepwise linear regression analysis showed that per- 
cent stenosis of the infarct-related vessel immediately 
after streptokinase (p = 0.0008) and treatment with 24 
days of intravenous heparin (p = 0.0015) were associ- 
ated with persistent vessel patency at follow-up angiog- 
raphy (Table II). 

Hemorrhagic complications: The frequency of hem- 
orrhagic complications related to thrombolysis and anti- 
coagulation was nearly identical in the 2 heparin-treat- 
ment groups (Table IV). Overall, 12 of 53 patients 
(23%) had bleeding complications, which included 22% 
of patients (5 of 23) in the short-term heparin treatment 
group compared to 23% (7 of 30) in the longer heparin 
therapy group (difference not significant). Four of 23 
(17%) short-term heparin patients and 3 of 30 (10%) 
long-term heparin therapy patients required transfusion 
(difference not significant). Femoral arterial puncture 
site hematomas occurred in 3 of 23 (13%) patients in 
the short-term group and in 4 of 30 (13%) in .3e long- 


POST SK INFARCT VESSEL STENOSIS IN PATIENTS 
WITH POST SK PATENCY 
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PERSISTENT 
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FIGURE 4. Infarct-related artery stenosis at immediate 
angiography after successful streptokinase therapy in 
patients with persistent patency at follow-up 
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term group (difference not significant). Serious compli- 
cations requiring early termination of heparin therapy 
occurred in only 3 of the 53 patients (5.7%) and includ- 
ed a gastrointestinal and retroperitoneal hematoma in 
the short-term treatment group and a retroperitoneal 
hematoma in the long-term treatment group. There 
were no episodes of intracranial hemorrhage or death. 

The hemorrhagic complication rate in the short-term 
heparin group was spuriously elevated by the discontin- 
uation of heparin before the fourth day of treatment 
due to bleeding complications in 2 patients. When the 
data were analyzed based on the intention to treat and 
the latter 2 patients were placed into the long-term hep- 
arin group, no statistical difference in complication rate 
between the 2 groups was shown. 


DISCUSSION 

This study shows that 24 days of heparin therapy is 
adequate to maintain short-term infarct vessel patency 
and does not result in an increased incidence of hemor- 
rhagic complications in comparison to a shorter heparin 
treatment duration. 

In prior studies one of the most important complica- 
tions of thrombolytic therapy has been reocclusion of 
the infarct-related vessel, occurring with a frequency 
approaching 35%.°-’ Subsequent reinfarction carries a 
mortality of approximately 20%.* Antiplatelet therapy 
with aspirin to reduce the reocclusion rate is widely used 
and was administered to 96% of the current study pa- 
tients. In International Studies of Infarct Survival-2 
(ISIS-2),'! aspirin was shown to decrease the odds ratio 
of death during the first 5 weeks after AMI by 42% 
when used in combination with streptokinase and by 
23% when used alone. 

Anticoagulation therapy: Heparin therapy is widely 
used after thrombolytic agents to prevent reocclusion al- 
though there is no consensus that heparin should be ad- 
ministered, which is in part due to the subsequent 
marked fibrinolytic state and hence the state of antico- 
agulation that persists after streptokinase therapy. Yu- 
suf et al'* pooled multiple studies from 1959 to 1984 
that used fibrinolytic agents in AMI and found that the 
extent of reduction in mortality by fibrinolytic therapy 
was of similar magnitude whether heparin was given or 
not. 

In contrast, ISIS-2 pilot study patients treated with 
intravenous heparin after streptokinase had lower re- 
infarction rates (2.2%) than those not receiving intrave- 
nous heparin (4.9%).'’ In ISIS-2'! vascular mortality 
was reduced 19% among patients in whom there was an 
intention to treat with intravenous heparin after intrave- 
nous streptokinase compared to those in whom there 
was no such intention (8.3% [170 of 2,054] vs 10.1% 
[296 of 2,937] p <0.05). Furthermore, Gold et al!? re- 
ported that heparin maintained infarct vessel patency 
after streptokinase if the residual stenosis was <80%. 

In addition to the controversy over whether heparin 
should be administered, there is no consensus on the op- 
timal dosage, timing or duration of heparin therapy af- 
ter streptokinase treatment.>°*:'© Anderson et al'ë ad- 
ministered heparin to patients after streptokinase in 


AMI for 3 days and all patients had patent infarct- 
related vessels at 10 days. Kaplan et al!’ found that 
lower partial thromboplastin times after thrombolytic 
therapy were associated with an increased frequency of 
ischemic episodes. Gold et al!? maintained the partial 
thromboplastin time at 1.5 to 2 times control (as in this 
study) but had a reocclusion rate of 45% 1 hour after 
thrombolytic therapy. 

In contrast, the patient population of this study had 
high-grade residual stenoses in both the long- and short- 
term heparin groups (Table II) and showed the impor- 
tance of 24 days of heparin therapy in maintaining 
short-term infarct vessel patency, which is similar to the 
range of treatment in the above studies. The average 
duration of heparin treatment in our persistently patent 
infarct vessel group was 9.8 days, similar to the 8 to 10 
day heparin treatment protocol in the Thrombolysis in 
Myocardial Infarction-I study.’ Interestingly, only pa- 
tients in our short-term heparin therapy group had reoc- 
clusion develop in the infarct-related artery, which sug- 
gests heparin may do the following: provide protection 
against a periinfarct hypercoaguable state, the latter 
likely contributed to by reexposure of the precipitating 
lesion in the atheromatous plaque,” residual thrombi?! 
or an increase in platelet activity’’; allow the arterial 
intima time to heal and become less thrombogenic as 
suggested by Ganz et al”; or act synergistically with 
antiplatelet agents in preventing rethrombosis as in- 
ferred from ISIS-2.!! Patients in ISIS-2 study treated 
with streptokinase and aspirin had a 14% greater reduc- 
tion in the odds of death during the first 5 weeks after 
AMI compared to treatment with streptokinase alone. 

Spontaneous lysis of coronary artery thrombi can oc- 
cur after medical therapy‘ and after the initial phase of 
thrombolytic therapy.** Approximately 6% of the pa- 
tients in this study did not initially reperfuse but had 
patent infarct-related vessels 2 weeks later. Although 
the number of these patients was small, it is interesting 
to note that each of the patients with spontaneous re- 
canalization received 24 days of intravenous heparin 
therapy. Conversely, spontaneous lysis of occlusive coro- 
nary thrombi was not observed in those patients who 
initially failed to reperfuse and received only short-term 
heparin. This “heparin protective effect” on the throm- 
bogenic arterial intima may explain the increased pa- 
tency rate of infarct-related vessels in the long-term 
heparin treatment group. 

Infarct vessel stenosis: Early reocclusion with high- 
grade stenotic lesions has been well documented. Harri- 
son et al? concluded that arteries with residual cross- 
sectional areas <0.4 mm? were at high-risk for early 
reocclusion. Similarly, Badger et al? and Gold et al!? 
reported that stenoses >80% (<0.6 mm diameter) re- 
occluded early. Koren et al?” concluded that residual 
stenoses 260% resulted in early reocclusion. This study 
showed that infarct vessels that reoccluded early had an 
average stenosis of >90% and those infarct-related 
arteries that remained persistently patent had an aver- 
age stenosis of 73%. These findings are similar to those 
of Gold et al!} and Harrison et al?” in studies in which 
heparin therapy was given for >4 days. 
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Heparinization complications: Heparin therapy after 
thrombolytic therapy has been associated with increased 
morbidity and mortality.'’ Therefore, it has been sug- 
gested that heparin treatment should be of minimal du- 
ration.” The majority of bleeding complications in this 
study were related to the cardiac catheterization proce- 
dure and usually consisted of femoral artery puncture 
site hematomas. Blood transfusions were required in 7% 
of patients in prior series®!? but were performed in a 
higher percentage of patients in our series (13%). This 
may have been related to a lower transfusion threshold 
‘as only 3.8% of our patients had serious hemorrhagic 
complications. The complication rate was similar in the 
long- and short-term heparin treatment groups suggest- 
ing that careful screening before thrombolytic and hep- 
arin therapy and avoidance of nonessential invasive pro- 
cedures should keep hemorrhagic complications at a low 
level. 

This study is limited in that it was retrospective and 
the assignment of patients to short- and long-term hepa- 
rin groups was not random but in accordance with the 
preference of the individual attending physicians. Addi- 
tionally, intracoronary streptokinase is not currently in 
common use but was administered similarly to both 
short- and long-term heparinization groups and there- 
fore should not bias the data. The major strength of this 
study is that, by design, all patients had serial angio- 
graphic documentation of infarct vessel patency status 
immediately after thrombolytic therapy as well as at 
hospital discharge. Additional data regarding the pro- 
tective role of heparin after thrombolytic treatment will 
be available on the completion of ongoing clinical trials. 
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Body surface maps recorded from 35 ischemic 
patients with normal resting 12-lead electro- 
cardiograms were compared with those obtained 
from 36 age- and sex-matched normal subjects. 
From instantaneous maps of each subject 187 vari- 
ables were derived relating to the configuration (80 
variables) and magnitude (104 variables) of the po- 
tential distribution and duration of the electrocar- 
diographic intervals (3 variables). By using step- 
wise discriminant analysis we selected 3 variables 
whose linear combination enabled us to correctly 
allocate 91% of the study population (jacknife pro- 
cedure; specificity 92%, sensitivity 91%). To sub- 
stantiate the validity of the results the discriminant 
function was tested on a new independent popula- 
tion consisting of 27 ischemic patients and 54 nor- 
mal subjects from another laboratory. A proper al- 
location was obtained in 86% of the cases (specific- 
ity 87%, sensitivity 85%). The large number of 
correctly classified ischemic patients and the 
repeatability of the results indicate that the 
adopted criteria are good markers of ischemic 
heart disease. 

(Am J Cardiol 1990;65:973-979) 
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coronary artery disease have normal resting elec- 
trocardiograms.' Preliminary results from our 
group% showed that by submitting to multivariate sta- 
tistical analysis a series of QRS and ST-T variables de- 
rived from maps of ischemic patients with normal rest- 
ing 12-lead electrocardiograms, a model could be com- 
puted that separated >90% of the patients from normal 
subjects. A similar degree of discrimination between 
comparable populations was reported by Green et al. 
This study was performed for the following reasons: 
to expand our preliminary findings in a larger popula- 
tion; to provide data on the variability range of a set of 
variables derived from maps of ischemic patients; and to 
suggest a classification model for diagnosing ischemic 
heart disease based on measurable map features. Final- 
ly, the diagnostic criteria were tested on a new popula- 
tion in order to substantiate the validity of our results. 


conan to 50% of patients with documented 


METHODS 

Study population: The study population consisted of 
36 normal subjects and 35 patients with documented 
coronary artery disease—all men. The normal subjects, 
aged 22 to 60 years, have been described in a previous 
report. Each of them had a normal routine clinical ex- 
amination, resting and exercise electrocardiograms, a 
chest x-ray and M-mode echocardiograms. Diastolic 
blood pressure, systolic pressure and heart rate ranged 
between 70 to 90 mm Hg, 110 to 150 mm Hg and 50 to 
90 beats/min, respectively. The patients, aged 37 to 63 
years, had normal resting electrocardiograms and angi- 
ographically documented coronary artery disease. The 
presence of ischemia was substantiated by exercise tech- 
netium scintigraphy in half of the cases. Most patients 
had stable angina on effort and abnormal exercise elec- 
trocardiograms. Abnormal wall motion (hypokinesia) 
was observed in about one third of the cases while the 
ejection fraction was generally normal. The patients had 
no evidence of myocardial infarction, valvular disease, 
conduction disturbances or hypertension. 

Data acquisition and processing: Previously de- 
scribed methods of recording, processing and displaying 
body surface electrocardiographic signals were used.° 
Briefly, in each subject, body surface maps were ob- 
tained by simultaneously recording 219 unipolar elec- 
trocardiograms. The reference electrode was Wilson’s 
central terminal. A 240-channel instrument performed 
on-line amplification, multiplexing (500 Hz/channel) 

,)) 
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TABLE I Average Value + Standard Deviation of the Coordinates of the Potential Maximum and Minimum at the 10 Subintervals 
of QRS and ST-T 


Subintervals 





QRS Interval 
Mx (IS) x 14+2 


10+1 


17+4 
942 


21+7 
9+3 


2348 
943 
0+9 

y 113 

Mn (IS) x 941 91 941 

1041 10+1 1041 


2549 
10+3 


27+11 
y 1044 
Mx (N) x 


942 
922 


1043 
y 104 
Mn (N) x 
ST-T Interval 
Mx (IS) x 10+1 
y ll+1 
Mn (IS) x 


11+2 ll+1 
10+1 10+1 
325 345 346 
y 1543 1543 l444 
Mn (N) x 642 642 6+2 
y 1542 


Values of normal subjects are reported only for statistically significant differences (p <0.01) between the 2 populations. 
IS = ischemic patients; N = normal subjects; x = column number; y = row number of uniform grid shown in Figure 2. 


10+2 
922 
327 
10+6 


TABLE II Peak Value and Corresponding Time of Appearance (Mean + Standard Deviation) of the Functions Mxi, Mni, AVi and 
JS-slVildS During QRS and ST-T Intervals 


SslVildS 


V X cm? 





QRS Interval 
Patients 2.1 +40.6 40+6 1.6 +0.4 5i£5 3.4+0.9 42+6 1.7+0.4 42+6 
ST-T Interval 
Patients 0.6+0.2 207 + 28 0.2+0.1 224 + 29 0.8+0.3 210+ 27 0.4+0.1 219 + 26 
Normal subjects 0.840.2 0.3+0.1 1.1+0.3 0.6+0.2 


The mean peak values are slightly different from those reported in Figures 5 and 6 where mean values refer to end of each subinterval: therefore the actual peak value can be 
missed. 


and analog-to-digital conversion of the signals. About displayed as a sequence of equipotential contour maps 
100 heart beats were recorded during the expiratory at 2 ms intervals. 

pause and then stored on tape. Homogenous beats (30 Instantaneous QRST maps were first analyzed by 
to 60) were selected to be averaged.’ On the average considering their topographic aspects. In order to quan- 
beat (Figure 1) all leads judged invalid were deleted titate the locations of the potential extrema and reduce 
and replaced by interpolation of data from surrounding redundant information, we adopted the procedure de- 
leads. Two successive U-P intervals were used to define scribed by Stilli et al.° Namely, we time-normalized the 
the baseline. Then, the distribution of heart potentials at QRS and ST-T intervals by dividing them in 10 equal 
the body surface during the whole cardiac cycle was parts (subintervals) and we computed the coordinates of 


FIGURE 1. Electrocardio- 
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each potential extreme at the end of every subinterval. 
The QRS and ST-T onsets and offsets were automati- 
cally determined.’ Finally, instantaneous maps were 
automatically analyzed for the following values: Mxi = 
highest potential at instant i (maximum); Mni = lowest 
potential (minimum); AVi = highest potential differ- 
ence on the chest surface; and fg VijdS = surface inte- 
gral of the potential function. The integral was approxi- 
mated by multiplying the modulus of each instanta- 
neous potential by the area “explored” by the 
corresponding electrode and by taking the sum of the 
obtained products. Since the electrode grid was not uni- 
form, we subdivided the chest surface in squares of vari- 
ous size or irregular polygons with the electrodes ap- 
proximately at their center. We then evaluated the indi- 
vidual area belonging to each electrode according to a 
previously described procedure. Specifically, by consid- 
ering the actual distance between electrodes (3 or 6 cm) 
we assigned a length of 3 cm to the smallest precordial 
squares. The side of the other squares is then 6/./2 = 
4.24 cm (medium size squares) and 6 cm (largest 
squares). The areas of the irregular polygons were com- 
puted by combining in different ways the 3 types of 
squares (Figure 2). 

The previous values (Mxi, Mni, AVi and fg VildS) 
were plotted as functions of time for the QRS and the 
ST-T intervals. Then, in each function we determined 
the peak value and the time when it was attained and 
the sum of the instantaneous values and the average 
which was computed over a series of time intervals as 
shown in Figure 3. 

For each subject we obtained 184 variables, 80 relat- 
ing to spatial information (topographic aspects of maps) 


FIGURE 2. Location of 
electrodes on anterior and 
posterior chest surface 
and areas arbitrarily as- 
signed to every electrode. 
Dots surrounded by emp- 
ty circles indicate elec- 
trodes closest to standard 
leads. First 
electrode of column lying 
on sternal midline is locat- 
ed just below supraster- 
nal notch. Horizontal and 
vertical distances between 
electrodes are 3 or 6 cm. 
By means of x and y axes 
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TABLE Ill Mean Value + Standard Deviation of the Variables 
Selected by Stepwise Discriminant Analysis 


Variables 


fslMildS(ST-T) QRST Duration SCMni(1,50ST-T) 
(V X cm?) (ms) (mV) 


Patients 0.15 + 0.06 
Normal subjects 0.26 + 0.08 


418.3 + 34.9 
389.8 + 26.2 


1.03 + 0.39 
0.98 + 0.48 


TABLE IV Discrimination Between Ischemic Patients and 
Normal Subjects in the Study Population and the New 
Independent Population 


Groups No. Normal Subjects Patients 


Study Population (jacknife Procedure)* 
Normal subjects 36 33 (92%) 
Patients 35 3 (9%) 

New Independent Population’ 

Normal subjects 54 47 (87%) 
Patients 27 4(15%) 


* 91% correct classification; t 86% correct classification. 


3 (8%) 
32 (91%) 


7 (13%) 
23 (85%) 


and 104 to potential information (quantitative aspects). 
By considering the QRS, ST-T and QRST interval du- 
rations as additional variables we ended up with a total 
of 187 variables. These variables were submitted to a 
stepwise discriminant analysis’? to produce a model for 
separating ischemic patients from normal subjects. 
Three classifiers were selected (at the significance level 
of 0.001) and used in the final model. The jacknife op- 
tion, which is particularly indicated when small samples 


are involved, was also used. 
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independent testing of the classification model: The 
results from the study population were tested at the 
Unit for Cardiovascular Research and Engineering, 
Free University of Brussels, Brussels, Belgium, on data 
originating from the Departments of Physiology and 
Biophysics and Medicine, Dalhousie University, Hali- 
fax, Canada. The new population consisted of 27 pa- 
tients (19 male, 8 female) aged 31 to 63 years with 
ischemic coronary artery disease and normal resting 12- 
lead electrocardiograms and 54 age- and sex-matched 
normal subjects. The diagnosis of ischemia was assessed 
on the basis of coronary angiography and ventriculog- 
raphy, echocardiography or nuclear imaging. The exclu- 
sion criteria were the same as those of the study popula- 
tion. Normal subjects had no evidence of heart disease 
by history, physical examination, chest x-ray, 12-lead 
electrocardiograms and echocardiogram. 

Details of the data acquisition and processing proce- 
dure have been reported previously.'!° The main differ- 
ence with the study population was in the number of 
recorded electrocardiographic signals (117 surface leads 


A) QRS variables 
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instead of 219). To enhance comparability between 
variables derived from both lead systems, weighting fac- 
tors were assigned to each electrode in such a way that 
the sums of the areas representing the 2 electrode grids 
had the same value. 


RESULTS 

Topographic aspects: The coordinates of the poten- 
tial extremes in the ischemic population for all QRS 
and ST-T subintervals are listed in Table I along with 
the corresponding normal values when statistically sig- 
nificant differences between the 2 populations were 
found. An example relating to the location of the Mn at 
the second ST-T subinterval (p <0.005) is shown in 
Figure 4. 

Quantitative aspects: The functions Mxi, Mni, AVi 
and fs|VidS in ischemic patients and in normal sub- 
jects had a bell-shaped configuration during QRS and 
ST-T (Figures 5 and 6). The values of each of the 4 
functions were nearly similar in the 2 populations dur- 
ing QRS while lower values were measured in the isch- 


FIGURE 3. The following variables were 
extracted from a general function Fti dur- 
ing QRS (A) and ST-T (B): peak value of 
function (MaxFti); time of appearance of 
peak value (t [MaxFti]), sum of instanta- 
neous values of function (>Fti) or portions 
of it (2Fti(1,T/3), etc.); and average value 
of function (F) or portions of it (F(1,T/3), 
etc.). 


X ) x=50, 100, 150, 200 


emic patients during the ST-T interval. Table II lists 
the peak values of the functions and the times at which 
they occurred. 

Statistical analysis: Among the 187 variables de- 
rived from maps, 60 were significantly different in the 2 
populations (Student’s ¢ test; p <0.01 to 0.0001). Be- 
cause of the high degree of overlap between a large 
number of redundant variables in each pairwise com- 
parison, we turned to multivariate discriminant analysis 
to achieve an optimal separation between ischemic pa- 
tients and normal subjects. 

Stepwise discriminant analysis: Three variables 
were selected by stepwise discriminant analysis and 


FIGURE 4. Schematic representations of 
chest surface showing location of potential 
minima at 1 of QRST subintervals (second 
ST-T subinterval) where statistically sig- 
nificant differences between ischemic pa- 
tients (empty circles) and normal subjects 
(black circles) were observed (p <0.005). 
In each diagram left side represents ante- 
rior and right side represents posterior as- 
pect of chest. Each circle corresponds to 1 
subject. 


o PATIENTS 


QUANTITATIVE 


used to produce the model for separating ischemic pa- 
tients from normal subjects. The variables were the fol- 
lowing: the average value of the surface integral of the 
potential function during ST-T, fJvij dS(ST-T); the 
QRST duration; and the sum of the instantaneous val- 
ues of the function Mni during the first 50 ms of the 
ST-T interval, 2Mni(1,50 ST-T). The average values 
and standard deviations of these variables for normal 
and ischemic subjects are listed in Table III. The model 
enabled us to correctly classify 92% of normal subjects 
and 91% of patients using the jacknife procedure (Table 
IV). Interestingly, the bulk of the separation was 
achieved in step 1 where 72% of normal subjects and 
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FIGURE 5. Average val- 
ues and standard devi- 
ations of functions Mxi, 
Mni, AVi and {<j VidS in 
normal subjects (solid 
line, black circles) and 
ischemic patients (dashed 
line, empty circles). 
Curves were obtained by 


QRS subintervals to facili- 
tate visual comparison of 
functions of the 2 popula- 
tions. On the ordinate the 
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83% of ischemic patients were correctly classified; these 
numbers reached 89 and 87%, respectively, when QT 
duration was combined with the average surface inte- 
gral value. 

Repeatability of the results: The discriminant func- 
tion was applied to the Brussels data and the classifica- 
tion resulted in a specificity of 87% with a sensitivity of 


- 85% (Table IV). 


DISCUSSION 

_ Interpretation of the results: In ischemic patients 
with normal resting 12-lead electrocardiograms, maps 
revealed changes of the cardiac potential distribution at 
the body surface consisting of an abnormal location of 
potential extrema and a global decrease of potential val- 
ues. Although more important changes were observed 
during the recovery process, abnormalities were also 
present during ventricular depolarization indicating that 
myocardial ischemia affects the whole ventricular activ- 
ity, which is in agreement with findings of other investi- 
gators.*!! It is generally accepted that transmembrane 
action potentials recorded from ischemic regions, which 
are generally subendocardial, have a shorter duration 
and lower amplitude than those from normal tissue. Be- 
cause of the interaction of injury currents generated at 
the boundary between normal and ischemic tissue with 
the normal depolarizing and repolarizing currents the 
following effects are expected at the body surface. Dur- 
ing repolarization, injury currents opposite in direction 
to the normal transmural gradient may reduce the am- 
plitude of potentials and produce a shift in the location 


of the extrema. During depolarization the complex na- 
ture of the spatial distribution of cardiac generators and 
the presence of strong depolarizing currents can partial- 
ly mask the effects of the weak injury currents. In fact, 
while lower potential values and abnormal negativity 
were observed in some chest areas during the entire ST- 
T interval, only small changes in the location of extrema 
were seen during the initial and final portions of the 
QRS interval when currents generated from the normal 
tissue are small. 

Relation to previous works: The abnormal map fea- 
tures in ischemic patients during both QRS and ST-T 
confirm our previous preliminary data.2 These changes 
are generally in agreement with those reported by other 
investigators*:''! although some discrepancies exist 
among the various studies concerning the time of ap- 
pearance of the most significant abnormalities. The dis- 
crepancies can be attributed, in part, to differences in 
the measurements used by different investigators to 
characterize ischemic abnormalities. 

In order to adequately assess the clinical utility of 
map data, extensive statistical comparisons have to be 
performed. Moreover, information gathered in 1 labora- 
tory should be of use to investigators from other centers. 
Therefore, we computed the variability ranges of a 
number of variables frequently used for diagnostic pur- 
poses, but so far unreported. The variables considered 
were extracted from maps according to previously de- 
scribed procedures*.* which allow the conversion of data 
to a standard form and their comparison with those of 
other investigators, irrespective of the mapping system 


QUANTITATIVE ASPECTS:ST-T 


V-cm2 


9 10 t 


9 10t mV 


e—e normals 
o -o patients 





978 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


/ 


aise E a AM E O ee BS Ee dd ad ae. xii, - mn. 


FIGURE 6. Average val- 
ues and standard devi- 
ations of functions Mxi, 
Mni, AVi and {| VidS at 
the 10 ST-T subintervals. 
On the ordinate the ampli- 
tude is in V X cm? for 
Js|VadS and in mV for 


7+: Gian Ot 





used. Finally, we validated our classification model on a 
new independent population in order to establish its 
general clinical usefulness. 

Limitations of the results: The main limitation of 
this study is the small sample size. For this reason the 
number of variables selected in the stepwise procedure 
was kept reasonably small in order to yield repeatable 
results on new subjects.'? In addition, the robustness of 
the method was tested by using the jacknife procedure, 
which enables each subject of the training set to be clas- 
sified with the discriminant function derived from all 
the remaining subjects without further breakdown of 
the original sample into training and testing sets. 

Another potential limitation in testing the results 
from map data on subjects recorded by other investiga- 
tors is the difference in data acquisition, particularly as 
far as electrode number and placement is concerned. As 
mentioned previously we minimized this problem by 
converting the data to a standard form. Applying the 
discriminant function determined from the study popu- 
lation to the Brussels data produced a specificity of 87% 
and a sensitivity of 85%, indicating that very satisfacto- 
ry duplication of diagnostic results can be achieved de- 
spite these limitations. Age, sex and determination of 
fiducial points, particularly QRS offset, also contribute 
to the moderate deterioration in diagnostic performance 
in addition to differences due to the lead number and 
placement. 

Clinical application: The large number of correctly 
classified ischemic patients at a high level of specificity 
supports the contention that the proposed criteria are 
good markers of ischemic heart disease. The very satis- 
factory duplication of diagnostic results in a new popu- 
lation originating from another center and differing in 
several aspects from the original population stress the 
robustness and usefulness to other users of the comput- 
ed discriminant function. 

The first 2 variables that account for most of the 
separation (specificity 89%, sensitivity 87%) are mea- 
surements that can be easily derived from map data and 
from the QRST waveforms. In view of the good stabili- 
ty of diagnostic performance obtained by applying 219- 
lead results on 117-lead data, it is quite possible that the 
total number of leads may be further reduced without 
loss of discriminant power. We are currently investigat- 
ing the possibility to allow centers using a small number 
of electrodes to achieve similar diagnostic results. 

Finally, it should be noted that the analysis of maps 
performed on averaged beats could limit the use of the 
procedure. Nevertheless, we expect that the discriminat- 
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ing power of the model is the same independently of 
whether the classifiers are obtained from single or aver- 
aged beats on the basis of the following considerations: 
the classifiers 1 and 3 are computed by averaging or 
taking the sum of instantaneous values over a long peri- 
od of time; and to determine variable 2 (QRST dura- 
tion) we used the function fg VildS whose instanta- 
neous values are obtained by taking the sum of all the 
219 potential values of each map. Moreover, the results 
achieved on the study population and on the new inde- 
pendent population were comparable although in the 
latter case the number of beats averaged was much 
smaller (approximately 15) than in the learning group. 
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Risk Factors for Progression of Atherosclerosis 
Six Months After Balloon Angioplasty 
of Coronary Stenosis 


Daniel Benchimol, MD, Héléne Benchimol, MD, Jacques Bonnet, MD, 
Jean-Francois Dartigues, MD, Thierry Couffinhal, MS, and Henri Bricaud, MD 





To assess the possible progression of coronary 
artery disease after percutaneous transluminal cor- 
onary angioplasty (PTCA) and its relation to risk 
factors and restenosis, 124 patients who under- 
went a first successful PTCA were studied. All had 
routine follow-up angiography 5 to 8 months after 
PTCA. Restenosis was defined as a 30% decrease 
in diameter stenosis or a return to >50% stenosis, 
and progression (in any nondilated site) as a 20% 
decrease in diameter stenosis, assessed by a video- 
densitometric computer-assisted technique. Uni- 
variate and multivariate analysis with respect to 
progression was carried out for age, sex, initial un- 
stable angina, previous myocardial infarction, dia- 
betes mellitus, hypertension, hypercholesterolemia 
(26.2 mmol), smoking habits, Jenkins’ score, dilat- 
ed artery and restenosis. Forty-one patients (33%) 
had restenosis, and 23 (19%) had evidence of pro- 
gression; 20 (87%) of these latter patients had re- 
stenosis and 3 (13%) did not. Univariate correlates 
of progression were: previous myocardial infarction 
(p <0.05), higher Jenkins’ score (p <0.0003) and 
restenosis (p <0.0001). Restenosis was the only 
multivariate correlate (p <0.00003). Progression at 
routine angiography after PTCA is not rare, and 
appears to be related to both the initial extent of 
coronary artery disease and restenosis. 

(Am J Cardiol 1990;65:980-985) 
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coronary angioplasty (PTCA) are similar to those 

used to explain the atherosclerotic lesions in- 
duced in some experimental models using balloon inti- 
mal denudation! according to the intimal injury theory.” 
The stretching process in PTCA produces fracture of 
the atherosclerotic plaque and often disruption of the 
media.>4 PTCA might therefore initiate a fibrocellular 
response.” Experimental and pathologic’ data suggest 
that immediately after PTCA, platelets are deposited’ 
at the site of dilatation, possibly inducing spasm and 
mural thrombus. Then smooth muscle cells,° induced at 
least partly by growth factors released from circulating 
cells (mainly platelet-derived growth factor), migrate to 
intima, change from a contractile to a synthetic pheno- 
type and proliferate. This fibrocellular response is 
thought to be a principal mechanism of restenosis. In 
the same way, migration and proliferation of smooth 
muscle cells from media to intima appear to be impor- 
tant in the development of atherosclerotic plaques.” Al- 
though the time courses of the 2 processes are quite dif- 
ferent (fast in restenosis and slow in atherosclerosis) the 
similarity of the basic mechanisms might suggest a rela- 
tion between them.* The purpose of this study was to 
see whether there is significant progression of athero- 
sclerosis in nondilated segments after PTCA and wheth- 
er there are any links between progression and presence 
of certain factors, especially risk factors and restenosis. 


[Ts mechanisms of percutaneous transluminal 


METHODS 

Patients: Patients who underwent a first successful 
PTCA without any major complication and had repeat 
routine angiography 5 to 8 months later, regardless of 
their clinical status, were selected. Only patients in 
whom PTCA was performed for angina pectoris were 
included. We excluded patients who had PTCA for 
acute myocardial infarction, because in this case the di- 
lated lesion is mainly a thrombosis. Primary success of 
PTCA was defined as an improvement of at least 20% 
in the percent diameter of the stenosis and a <50% re- 
sidual stenosis.” Acute occlusion, myocardial infarction, 
redilatation or coronary bypass, during PTCA or in the 
few days after it, were regarded as major complications. 
The routine repeat angiography criterion was estab- 
lished to evaluate at the same time both restenosis and 
progression when restenosis reached a plateau.!° We 
also wanted to obtain a homogenous population and re- 
duce to a minimum bias due to early or late angio- 
graphic restudy for recurrent symptoms, and bias due to 
patients who did not have angiographic restudy. 
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TABLE I Univariate Correlates of Progression 









Variables (n = 23) 


Male (%) 
Age (yr) 


Initial unstable angina (%) 39 
Diabetes (%) 9 
Hypercholesterolemia (%) 30 
Tobacco consumption (pack/yr) 22 + 20 
Stopped smoking (%) 100 
Hypertension (%) 35 
Previous MI (%) 52 
Jenkins’ score 5.9+2.7 
LAD angioplasty (%) 78 
Circumflex angioplasty (%) 30 
Right coronary angioplasty (%) 22 
Angina at restudy (%) 13 
Time to restudy (mo) 6.3 + 0.7 
Restenosis (%) 87 


No. of dilatation sites 








LAD = left anterior descending coronary artery; MI = 


The following patients were excluded: those in whom 
complete occlusion of the dilated artery at angiographic 
restudy was not considered restenosis (the exact mecha- 
nism of occlusion could not be defined accurately from 

the angiographic data) or in whom the time of occlusion 

suggested an acute but asymptomatic occlusion; pa- 
tients who had coronary bypass (the potential effect of 
coronary surgery in grafted and nongrafted coronary 
vessels is recognized)!' and patients with poor quality 
angiograms. 

Of the 347 first consecutive patients who underwent 
successful PTCA in our hospital, only 246 (71%) had 
angiographic restudy (101 refused). Of these, 124 pa- 
tients Wd men and 21 women, mean sel 57 + 10) 
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stenosis of the midright coronary artery before angioplasty; B, angiogram at the end of the dilatation procedure; 

C, restenosis at the angiographic reexamination. 
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Progression 


myocardial infarction; NS = not significant. 


No Progression 
(n = 101) 


55 NS 

9 NS 
43 NS 
22 + 23 NS 
81 NS 
37 NS 
28 0.05 
4.5418 0.003 
61 NS 
19 NS 
26 NS 
29 NS 
6.4 + 0.9 NS 
21 0.0001 


were selected and 122 patients were excluded (51 for 
early repeat angiography due to recurrence of symp- 
toms, 35 for late restudy mostly for recurrent angina, 11 
for PTCA performed on bypass graft, 13 for occlusion 
of a dilated vessel at restudy and 12 with unavailable 
angiograms). 

Coronary arteriogram and angioplasty procedure: 
All patients underwent initial diagnostic coronary angi- 
ography a few days before PTCA (6 + 4 days) per- 
formed by the femoral approach. Patients were treated 
with oral nitrates and oral calcium antagonists; sublin- 
gual nitroglycerin was given to avoid coronary spasm. 
Several projections were made for each coronary vessel. 
Angiograms were recorded on 35-mm cinefilm. Angio- 
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plasty was performed according to Gruentzig et al.!? All 
patients received 500 mg of aspirin 12 hours before the 
procedure. They were treated by intravenous nitrate (20 
ug/min), intravenous heparin (3 mg/kg/day) and ei- 
ther nifedipine (10 mg) or diltiazem (60 mg) 4 times/ 
day for 12 hours before and 24 hours after PTCA. All 
patients had a routine angiographic restudy between 5 
and 8 months after PTCA (6 + 1 months). Angiograms 
were performed under the same conditions as for the 
diagnostic angiogram using the same technique and 
treatment. 

Angiogram analysis: DETERMINATION OF PROGRES- 
SION: Progression in nondilated segments was defined as 
a 20% decrease in the stenosis diameter.!? Two indepen- 
dent observers, unaware of the clinical data, examined 
the cinefilms alone and then together to select all lesions 
observed on both the preangioplasty and the restudy 
angiograms, or on the restudy angiogram in a place that 
appeared normal on the first angiogram according to 
the American Heart Association coding system.!4 The 
slightest irregularity was considered a lesion and was 
assessed. Thus, 130 sites were selected for progression 
analysis. Two end-diastolic frames were chosen, one 
from the diagnostic angiogram and the other from the 
follow-up angiogram in the same projection showing the 
narrowest image of the stenosis. 

After this visual screening, the severity of each se- 
lected lesion was assessed by a computer-assisted meth- 
od developed in our hospital following Nichols et al.!5 
An optical system on a Tagarno 35 XR projector fo- 
cussed and magnified a selected part of the frame con- 
taining the stenosis. This part of the frame was project- 
ed into a charge coupled device video camera, which 
along with a Matrox image processor (512 X 512 pix- 
els, 256 gray levels), converted the analog signal into 
digital form. Hard copies were printed on a video print- 
er from a control video monitor to ensure that the same 
segments were analyzed on consecutive angiograms. 
The digital images were stored and processed using an 
IBM PC AT. The operator selected points on the coro- 
nary segment containing the stenosis, to define the re- 
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gion to be analyzed by the computer, and the general 
axis and direction of the vessel. Edges were then auto- 
matically detected along the defined segment, perpen- 
dicular to its axis, on the monoplane videodensitometric 
profile using a first derivate algorithm. Among the vari- 
ous parameters calculated, percent stenosis diameter 
was used in lesion assessment. We tested the accuracy 
of the method on plexiglass phantom models filled with 
contrast medium (12 holes made in a block of plexi- 
glass, with a large diameter of 3.5 mm and a small di- 
ameter from 3 to 0.5 mm). In diameter, the accuracy 
was 0.08 + 0.12 mm and in area 0.30 + 0.49 mm?. To 
evaluate, in percent diameter stenosis, the intra- and 
interobserver variability in the analysis of angiograms, 
80 and 72 stenoses were assessed at random a second 
time, 3 months later. The linear correlations were, re- 
spectively, r = 0.97, standard error of the estimate = 
4.7%, and r = 0.97, standard error of the estimate = 
5.4%. 

RESTENOSIS ANALYSIS: Restenosis was defined as a 
30% decrease in the stenosis diameter or a return to 
>50% stenosis. Patients were included in the restenosis 
group if restenosis occurred in at least one of the dilated 
sites. The PTCA site was evaluated using the same 
method on 3 frames (before PTCA, at the end of the 
procedure and at restudy). 

OVERALL EXTENT OF CORONARY ARTERY DISEASE: The 
overall extent of coronary artery disease was assessed 
from the Jenkins’ score,'® based on the severity of le- 
sions in 8 proximal segments of coronary vessels. 

Clinical data: Clinical findings analyzed included: 
unstable angina (defined as an increasing severity at ex- 
ercise or rest, or as a de novo angina [onset <2 
months]); previous myocardial infarction (known histo- 
ry of acute myocardial infarction with electrocardio- 
graphic and cardiac enzyme modifications); previous or 
new onset diabetes (fasting glycemia >7 mmol/liter at 
repeated determinations); previous or recent hyperten- 
sion (systolic blood pressure >160 mm Hg and diastolic 
blood pressure >95 mm Hg); known and treated hyper- 
cholesterolemia or a total cholesterol level >6.2 mmol/ 


FIGURE 2. Left coronary 
angiograms in the same 
patient as in Figure 1 
showing the progression 
of a moderate stenosis in 
the obtuse marginal. A, 
before angioplasty; B, at 


liter and tobacco consumption estimated in cigarette 
pack-years. Cholesterolemia before PTCA and at reex- 
amination was studied. 

Statistical analysis: A univariate analysis was per- 
formed by nonpaired Student ź test or Mann Whitney 
U test for the quantitative variables and by the chi- 
square test for the qualitative variables. A multivariate 
analysis by logistic regression with respect to progres- 
sion was carried out on 12 variables: age, sex, unstable 
angina at PTCA, previous myocardial infarction, diabe- 
tes, hypertension, hypercholesterolemia, smoking habits, 
left anterior descending artery dilatation, right coronary 
artery dilatation, Jenkins’ score and restenosis. Circum- 
flex artery dilatation was excluded from the multivari- 
ate analysis for an excessive colinearity toward the 2 
other coronary vessels. 


RESULTS 

Characteristics of the population: Sixty-five patients 
(52%) had unstable angina at PTCA; 40 (33%) had a 
previous myocardial infarction; 11 (9%) had diabetes 
and 45 (36%) had hypertension. Clinical improvement 
was noticed in 117 patients (95%). During follow-up, 92 
patients (74%) were asymptomatic, 21 (17%) had stable 
angina and 11 (9%) had recurrent stable angina after 
an asymptomatic period. No acute myocardial infarc- 
tion occurred during follow-up. Hypercholesterolemia 
was found in 50 patients (40%). Among 82 (66%) cur- 
rent or former cigarette smokers, 44 had stopped smok- 
ing before PTCA, and 32 stopped after it. 

One hundred fifty-one stenoses were successfully di- 
lated. The mean Jenkins’ score was 4.8 + 2.1. Eighty- 
five stenoses (56%) were dilated in the left anterior de- 
scending artery, 38 (25%) in the right coronary artery 
and 28 (19%) in the circumflex artery. There was | 
PTCA site in 107 patients (86%), 2 sites in 9 patients 
(7%), 3 sites in 6 patients (5%) and 4 sites in 2 patients 
(2%). The mean severity of preangioplasty stenosis was 
61 + 12%, the mean residual stenosis was 19 + 13% 
and the mean gain was 43 + 16%. The mean degree of 
stenosis at restudy time was 35 + 20%. 

Analysis of progression: Progression was observed 
in 23 patients (19%); 20 also had restenosis. Among the 
130 nondilated segments analyzed, 29 had progression 
confirmed on computer assessment (initial stenosis: 20 
+ 15%; stenosis at restudy: 55 + 14%) and 101 had no 
progression (initial stenosis: 32 + 14%; stenosis at re- 
study: 30 + 14%). Sixteen (55%) progressions occurred 
in vessels dilated in another segment: 4 (25%) proximal 
to the PTCA segment and 12 (75%) distal to the PTCA 
segment. Thirteen (45%) progressions occurred in seg- 
ments of arteries free from any procedure. They ap- 
peared mainly in the midleft anterior descending artery 
(10), the proximal right coronary artery (4) and the ob- 
tuse marginal artery (4). Restenosis was observed in 41 
patients (33%). Among the 151 dilated stenoses, 46 
(31%) had restenosis at angiographic restudy with a 
mean severity of 58 + 13%. The 105 stenoses without 
restenosis had a mean severity of 25 + 12% on restudy. 
Twenty-eight restenoses (33%) occurred in the left ante- 


TABLE II Multivariate Correlates of Progression 


Covariables 8 Coefficient Chi-Square p Value 


Initial unstable angina 
Diabetes 
Hypercholesterolemia 
Tobacco consumption 
Hypertension 

Previous myocardial infarction 
LAD angioplasty 

Right coronary angioplasty 
Restenosis 

Jenkins’ score 


TABLE Ili Multivariate Analysis of Progression Without 
Restenosis in the Logistic Regression 


Covariables 8 Coefficient Chi-Square p Value 


Male 

Age 

Initial unstable angina 
Diabetes 


Hypercholesterolemia 
Tobacco consumption 
Hypertension 

Previous myocardial infarction 
LAD angioplasty 

Right coronary angioplasty 
Jenkins’ score 


LAD = left anterior descending coronary artery; NS = not significant. 


rior descending artery, 11 (29%) in the right coronary 
artery and 7 (25%) in the circumflex artery. Figures 1, 
2 and 3 illustrate the association between progression 
and restenosis. 

The univariate correlates of progression are listed in 
Table I. Progression appeared to be correlated with a 
previous myocardial infarction (52 vs 28%, chi square = 
3.94, p <0.05) and a higher Jenkins’ score (5.9 + 2.7 vs 
4.5 + 1.8, t = 3, p <0.003). It correlated more signifi- 
cantly with restenosis (87 vs 21%, chi square = 34.1, p 
<0.0001). Cholesterolemia before PTCA (progression 
5.61 + 1.01 vs no progression 6.02 + 1.07 mmol, t = 
1.68, difference not significant) and at restudy (progres- 
sion 6.01 + 1.03 vs no progression 6.16 + 1.15 mmol, t 
= 0.57, difference not significant) did not differ. Pro- 
gression was not more frequent in the dilated arteries 
(16 of 136) than in a nondilated artery (13 of 226, 10 
previously occluded arteries excluded) (chi square = 
3.4, difference not significant). Multivariate analysis 
(Table II) showed that restenosis was the only signifi- 
cant correlate (p <0.00003) with an odds ratio of 32.7 
(95% confidence limits 6.5 to 166.3). Since this strong 
risk might mask other correlates, a complementary mul- 
tivariate analysis was performed omitting restenosis. In 
this case (Table III) the Jenkins’ score (p <0.03) with 
an odds ratio of 1.37 for each point (95% confidence 
limits 1.0 to 1.8) and left anterior descending dilatation 
(p <0.04) with an odds ratio of 5.6 (95% confidence 
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FIGURE 3. Results of quantitative assessment of progression 
in the obtuse marginal. A, quantitative assessment of the 
angiogram before angioplasty; B, quantitative assessment of 
follow-up angiogram. 


limits 1.1 to 28.7) were found to be correlated with pro- 
gression. Thus, restenosis appears to be the strongest 
correlate of progression at 6-month routine restudy. The 
initial extent of coronary artery disease, the most fre- 
quently dilated artery and a previous myocardial infarc- 
tion appear to be less strongly correlated. 


DISCUSSION 

Our results indicate that angiographic progression 
after PTCA, irrespective of its clinical consequences, is 
not rare. Although angiography only evaluates the ef- 
fect of the atherosclerotic lesions on the contour of the 
arterial lumen, giving an indirect assessment of the true 
state of the arterial wall,'’ it is at present the only meth- 
od that can be used in man to study the progression of 
coronary atherosclerosis with any accuracy.!3!819 A 
methodologic problem stems from the definition of pro- 
gression. Some investigators used a visual assessment, 
some assess the lesions by class'* and define progression 
as a shift of the lesion to a more severe class, and 
some!>!? define progression as an increase in percent 
diameter stenosis with various cut off points. Only a few 
studies of progression’! used a quantitative assess- 
ment. 

Spontaneous progression in medically treated pa- 
tients has been found to be correlated with time be- 
tween the 2 angiograms,'®:!? unstable angina,!922 lower 
age group,!? smoking habits,??-24 cholesterolemia at first 
study** and extent of coronary artery disease at first 
angiogram.!? We found that progression was correlated 
with a previous myocardial infarction, which has not 
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been previously reported. The correlation with the ex- 
tent of coronary atherosclerosis is in agreement with 
other studies.'*.!?.4 Since 6-month routine angiographic 
restudy was the essential criterion of inclusion, we could 
not test a time factor. However, we did not find any 
correlation with the usual risk factors for atherosclero- 
sis. This is not altogether surprising since even though 
such risk factors predict the appearance of the disease 
in the general population?’ or progression in patients 
with minimally diseased coronary vessels,?3 they are, 
with the exception of cholesterolemia,?! only poorly cor- 
related with progression in patients with extensive dis- 
ease.” Nevertheless, because the selection criteria in- 
duced a homogenous population, they probably reduced 
the differences in risk factors among patients. In fact, 
the strongest correlate of progression was restenosis. 
The incidence of restenosis is quite different in this se- 
ries. Several factors contributed to the differences: the 
various definitions, the rate of patients undergoing angi- 
ographic restudy and the visual or quantitative assess- 
ment of the angiograms. Our results—a 33% restenosis 
rate and a 31% lesion rate—are in agreement with the 
rates reported in 3 large series*’-*? using the same crite- 
ria as ours. Only 26% of our patients were symptomatic 
at restudy, and this agrees with the rate reported by 
Serruys et al! in their prospective study, which estab- 
lished that the restenosis rate should be assessed from 
routine angiographic reexaminations with a quantitative 
method. Thus, our restenosis rate may reflect the inci- 
dence of restenosis in our whole population of patients 
undergoing PTCA. 

The progression of atherosclerosis after PTCA has 
been investigated in only a few series. Our progression 
rate (19%) is within the rates reported: 11% for Cequier 
et alè? and 51% for Hwang et al.2° In a study of 39 
patients, Hwang et al’? reported that progression was 
comparable in 2 groups (with or without restenosis) but 
the selection of symptomatic patients introduced a sig- 
nificant bias. In 98 patients Cequier et al2° did not find 
any difference in the incidence of progression in patients 
with or without restenosis at early and late restudy. This 
appears to contradict our results; however, in that study 
both the selection criteria—patients with only 1 resteno- 
sis of their dilated stenoses or with only an early repeat 
angiography excluded—and the angiogram assessment 
by visual analysis are different from ours. 

The reaction in the arterial wall after PTCA is nei- 
ther continuous nor linear with time.!93! A relation be- 
tween restenosis and progression may only exist early 
after PTCA, which is in line with our results. Two pos- 
sibilities are suggested. The first is that restenosis, espe- 
cially at routine repeat angiography, occurs in patients 
with more progressive coronary atherosclerosis. Kim- 
biris et al** showed rapid progression before the proce- 
dure in patients selected for PTCA, which tends to sup- 
port this hypothesis. Thus progression and restenosis 
would tend to increase in parallel. 

The second possibility is that there is a direct rela- 
tion between progression and restenosis via some com- 
mon mechanism. The relation could be accounted for by 
the induction of local processes, which induce both re- 
stenosis and an acute transitory progression. This hy- 
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pothesis is supported by several case reports533-34 sug- 
gesting that direct intimal injury proximal or distal to 
the PTCA site induces fibrocellular proliferation and 
accelerates the formation of atherosclerotic lesions. 
Waller et al> suggested that such PTCA-induced prolif- 
eration may extend to adjacent segments. In our study, 
about half of the progressions, however, were observed 
in an untreated coronary vessel. Therefore either these 2 
kinds of progression are different, or other mechanisms 
inducing a more diffuse response are invoked. They may 
involve the action of circulating factors or activated cells 
liberated from the site of dilatation with local or system- 
ic effects. Some studies provide evidence for this. Lam- 
bert et al? showed that after multiple PTCA the occur- 
rence of restenosis at any site is not independent of the 
outcome of other dilated lesions. It implies that systemic 
factors influence restenosis. In dogs, Bates et al?> dem- 
onstrated the effect of arterial, especially medial, injury 
on regional blood flow in both the dilated and nondilat- 
ed vessel; this indicates that circulating factors from a 
coronary vessel undergoing balloon PTCA could influ- 
ence other coronary vessels. 

These 2 hypotheses are not, however, mutually ex- 
clusive. In a particular group of patients with more pro- 
gressive and greater extent of initial coronary athero- 
sclerosis, balloon angioplasty could simultaneously en- 
hance restenosis at the dilatation site and induce 
progression processes in both nondilated and dilated 
vessels over a short time after the procedure. 

In fact, restenosis at 6-month routine angiography is 
a major correlate of progression at this time. However, 
further prospective studies will be necessary to deter- 
mine the time courses of these 2 phenomena before a 
possible relation can be established with any certainty. 
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Metabolic and Functional Effects 
of Perfluorocarbon Distal Perfusion During 
Coronary Angioplasty 


Lawrence H. Young, MD, C. Carl Jaffe, MD, James H. Revkin, MD, Patrick H. McNulty, MD, 
and Michael Cleman, MD 


Myocardial lactate metabolism and left ventricular 


function were studied in 12 patients during angio- 
plasty of the left anterior descending artery per- 
formed with distal coronary perfusion (oxygenated 
and nonoxygenated Fluosol™) and by conventional 
technique without distal perfusion. Before balloon 
inflation there was net lactate extraction by the 
heart (31 + 6%). During balloon inflations per- 
formed with distal perfusion there was net lactate 
release into the great cardiac vein while the balloon 
was inflated; the great cardiac vein lactate concen- 
tration was approximately 25% lower during per- 
fusion with oxygenated versus nonoxygenated 
Fluosol (p <0.02) indicating less myocardial lactate 
release. After balloon deflation washout of lactate 
into the great cardiac vein (net myocardial release) 
was observed in all 3 protocols. Left ventricular 
ejection fraction measured by echocardiography 
decreased markedly during nonperfused (53 + 3 to 
36 + 3%, p <0.001) and nonoxygenated Fluosol 
(52 + 2 to 30 + 3%, p <0.001) inflations. This 
dysfunction was largely prevented by oxygenated 
Fluosol where only a minimal decrease in ejection 
fraction (51 + 2 vs 48 + 2%, p <0.02) occurred. 
Analysis of regional contractile function yielded 
similar results. Although oxygenated perfluoro- 
carbons decrease cardiac lactate release during 
angioplasty, this study provides evidence for the 
onset of lactate production even when ventricular 
function is preserved. 

(Am J Cardiol 1990;65:986-990) 
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ischemia and left ventricular contractile dys- 
function.'? In an attempt to prevent myocardial 
ischemia during this procedure distal perfusion with the 
oxygen-carrying compound Fluosol™ (20% intravascu- 
lar perfluorocarbon emulsion) has been used in humans? 
and has been shown to preserve global and regional 
myocardial function.*° 
Distal perfusion studies also provide important in- 
sight into the pathophysiology of myocardial ischemia 
in humans. The early contractile dysfunction observed 
during ischemia has been attributed in part to the lack 
of flow to the myocardium; without flow there is loss of 
tissue turgor (“garden hose effect”) and impaired wash- 
out of toxic metabolites.” However, oxygen delivery 
rather than simply continued distal flow appears to be 
critical to contractile function during angioplasty.*° 
Provision of oxygen assures some degree of ongoing oxi- 
dative metabolism during angioplasty and might also in- 
hibit anaerobic lactic acid production which otherwise 
occurs during conventional angioplasty. This study ex- 
amines the consequences of distal perfusion with oxy- 
genated Fluosol on myocardial lactate metabolism and 
contractile function in patients undergoing coronary an- 
gioplasty of the left anterior descending artery. 


(sie angioplasty leads to transient myocardial 


METHODS 

Twelve patients undergoing angioplasty of proximal 
stenoses in the left anterior descending artery without 
angiographically visible collateral vessels were studied. 
Angioplasty in these patients is associated with marked 
changes in ventricular function; venous drainage from 
this vessel can be sampled selectively in the great cardi- 
ac vein. All patients had normal baseline left ventricular 
function on prior left ventriculography and baseline 2- 
dimensional echocardiography. There were 10 men and 
2 women aged 50 to 73 years. Four patients had class I 
to II angina, 4 had class III and 4 had class IV. Nine 
patients were treated with 6 blockers, 10 with calcium 
antagonists and all 12 with intravenous nitroglycerin at 
the time of angioplasty. Informed consent was obtained 
as approved by the Yale Human Investigation Commit- 
tee. 

A 7Fr multipurpose catheter (USCI) was placed in 
the great cardiac vein via the right internal jugular vein 
under fluoroscopic guidance. This catheter was chosen 
because the 2 distal sideholes (1 to 2 mm from the end- 
hole) allow rapid sampling without loss of great cardiac 
vein selectivity. Catheter position was confirmed by con- 


TABLE I Great Cardiac Vein Lactate Release After Balloon Deflation 


Lactate Concentration (mM) 


Great Cardiac Vein 


Time (After Balloon Deflation) 


Arterial 


0.57 + 0.06 
0.62 + 0.07 
0.59 + 0.06 


Nonperfused 
O> Fluosol 
Non-O> Fluosol 


Values are mean + standard error of the mean. 


15 seconds 


1.38 + 0.14* 
1.36 + 0.16 
1.314+0.24' 


45 seconds 90 seconds 3 minutes 


0.77 + 0.09" 
0.80 + 0.07" 
0.77 + 0.08 


1.33 + 0.16* 
1.22 + 0.16* 
1.09 + 0.148 


0.60 + 0.07 
0.63 + 0.06 
0.69 + 0.07 


Significance of difference between arterial and great cardiac vein lactate concentrations in each group are as follows: * p <0.001; t p <0.05; ê p <0.0005; ê p <0.02. 


trast injection and measurement of blood oxygen satu- 
ration. After initial angiography the angioplasty balloon 
was positioned across the stenosis and an initial 10-sec- 
ond test inflation was done so that the indentation of the 
balloon could be observed for optimal positioning. All 
inflation times in the experimental protocol were 60 sec- 
onds in duration with a minimum of 3 minutes between 
inflations. Injection of contrast material between infla- 
tions was minimized and withheld for at least 90 sec- 
onds after balloon deflation. We used nondextrose intra- 
venous solutions to minimize changes in arterial lactate 
concentration. The initial experimental inflation was 
performed without distal perfusion in all patients. The 
second and third inflations were performed with either 
oxygenated or nonoxygenated Fluosol distal perfusion. 
A subgroup of 8 patients had a final inflation without 
distal perfusion to evaluate the consistency of metabolic 
changes with sequential inflations. Fluosol was infused 
into the left anterior descending artery at 60 ml/min as 
previously described.*+° The PO, value of oxygenated 
Fluosol was >600 mm Hg; nonoxygenated Fluosol had 
a PO> of approximately 80 mm Hg. 


FIGURE 1. Left ventricular function dur- 
ing coronary angioplasty without distal 
perfusion (n = 8) and with distal perfusion 
with oxygenated (n = 7) and nonoxy- 
genated (n = 5) Fluosol. Asterisks com- 
pare left ventricular ejection fractions at 
baseline to 45 seconds into balloon infla- 
tion (*p <0.001, **p <0.02). Brackets 


LVEF (%) 


Values represent mean + standard error 
of the mean. 


Nonperfused 


WS Basal 





Lactate uptake or release from the left anterior de- 
scending artery territory was calculated from the arteri- 
al-great cardiac vein concentration difference. Lactate 
was measured before angioplasty to determine basal 
myocardial lactate balance, during each inflation se- 
quence at 40 and SO seconds into balloon inflation and 
then at 15, 45, 90 seconds and 3 minutes after balloon 
deflation. Whole blood lactate was measured by an 
automated lactate oxidase method (Yellow Springs In- 
struments Company) which had a coefficient of varia- 
tion <1%. Fluosol had no effect on blood lactate mea- 
surement using this technique. 

Using 2-dimensional echocardiography the apical 
view that best visualized the dysfunctional wall motion 
was recorded continuously during all inflations in a giv- 
en patient as previously described. Global left ventricu- 
lar ejection fraction (area length method) and regional 
function (modified centerline method) were analyzed 
before each balloon inflation and subsequently at 45 
seconds into each inflation. Dysfunctional endocardial 
segments were defined as cord lengths lying outside a 2 
standard deviation (95% confidence range) baseline pat- 


O% Fluosol® 
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tern derived for that specific inflation sequence from 5 
beats recorded before balloon inflation. 

Differences between arterial and great cardiac vein 
lactate concentrations and changes in left ventricular 
contractile function during a given inflation were ana- 
lyzed using Student’s paired ¢ test analysis. Analysis of 
variance was used to compare results between the vari- 
ous infusion protocols. Data are presented as mean + 
standard error of the mean. 


RESULTS 

Before angioplasty there was normal global left ven- 
tricular and regional anterior wall systolic function in 
all patients. During inflations without distal perfusion 
there was a pronounced decrease in left ventricular ejec- 
tion fraction (Figure 1). Regional function in the isch- 
emic anteroseptal wall was correspondingly impaired 
(42 + 4% dysfunctional endocardial segments, p 
<0.001). Oxygenated Fluosol largely prevented global 
dysfunction in these same patients (Figure 1) and re- 
gional myocardial hypokinesis was prevented (2 + 1% 
dysfunctional endocardial segments, difference not sig- 
nificant). As previously noted*+> protection was not a 
function of distal perfusion alone. Nonoxygenated Fluo- 
sol ejection fractions were similar to those during non- 
perfused inflations (Figure 1) and regional function was 
also markedly impaired (54 + 4% dysfunctional endo- 
cardial segments, p <0.001). 

There was net myocardial extraction of lactate be- 
fore angioplasty in 11 of 12 patients, which averaged 
0.17 + 0.04 mM (p <0.001) with a fractional extrac- 
tion of 31 + 6%. One patient with a high-grade stenosis 
had a small amount of net lactate release before angio- 
plasty without chest pain (Figure 2). Cardiac lactate 


Post-Balloon 
Deflation 


Baseline 


Lactate Extraction 
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O 
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Lactate Release 


circles and mean values in closed circles. A = arterial; GCV = 


production occurred in all patients during nonperfused 
inflations as evidenced by lactate washout after defla- 
tion of the angioplasty balloon (Figure 2, Table I). 
Great cardiac vein lactate increased 3.4-fold (0.38 + 
0.05 to 1.38 + 0.14 mM, p <0.001) at 15 seconds after 
balloon deflation and exceeded arterial lactate by 0.81 
+ 0.15 mM (p <0.001) indicating net release from the 
heart. Lactate release persisted at 45 and 90 seconds 
after balloon deflation but there was no net lactate re- 
lease by 3 minutes (Table I). Lactate release was rela- 
tively consistent with sequential inflations based on sim- 
ilar peak washout great cardiac vein concentrations 
(1.37 + 0.18 and 1.30 + 0.16 mM) found when the 
initial inflation and an additional final inflation were 
both performed without distal perfusion in 8 patients. 

We also found evidence for lactate production not 
only during nonoxygenated Fluosol infusions but also 
during oxygenated Fluosol infusions based on washout 
of lactate into the great cardiac vein after balloon defla- 
tion (Table I). Although great cardiac vein lactate con- 
centrations were similar after balloon deflation in the 3 
protocols rather than indicating similar amounts of lac- 
tate production, they probably reflected greater reactive 
hyperemia after balloon dilatation in both the nonper- 
fused and nonoxygenated Fluosol groups. Although 
these results were qualitative, they did provide direct 
evidence for lactate production during all protocols. 

In view of the difficulties in quantifying lactate pro- 
duction from lactate washout after balloon deflation we 
took an alternative approach to evaluate the effect of 
oxygen delivery on lactate production. Since distal per- 
fusion essentially controls the variable of oxygen flow 
while the balloon is inflated the relative rates of lactate 
release during this period can be compared from the 
great cardiac vein lactate concentrations. We measured 
these concentrations at 40 and 50 seconds into balloon 
inflations and found approximately 25% less lactate re- 
leased during distal perfusion with oxygenated com- 
pared with nonoxygenated Fluosol (Figure 3). In con- 
trast, without distal perfusion we found net lactate re- 
lease in only 3 of 9 patients while the balloon was 
inflated and overall, no net lactate release (0.04 + 0.05 
mM extraction) until after balloon deflation. 


DISCUSSION 

During conventional coronary angioplasty balloon 
dilatation compromises flow and the delivery of oxygen 
and nutrients to the myocardium leading to impaired 
left ventricular systolic function.'* Previous studies 
have shown that distal coronary perfusion and oxygen 
delivery with Fluosol protects myocardial systolic per- 
formance during angioplasty.*+° The results from this 
study show that myocardial lactate release occurs de- 
spite oxygenated Fluosol distal perfusion, but is de- 
creased compared to nonoxygenated Fluosol perfusion. 

We initially measured lactate washout into the great 
cardiac vein during the period after balloon deflation. 
These results showed qualitatively that lactate produc- 
tion occurred in the heart during each of the angio- 
plasty protocols. Quantification of lactate release during 
this period is difficult since both great cardiac vein lac- 


7 great cardiac vein. tate concentration and coronary blood flow are chang- 
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ing rapidly and these 2 variables cannot be measured 
simultaneously. However, measurement of great cardiac 
vein lactate concentrations while the balloon was inflat- 
ed allowed us to quantitatively compare lactate release 
during oxygenated and nonoxygenated Fluosol perfu- 
sion. Because the same distal perfusion rate was used in 
both circumstances the lower lactate concentrations in 
the great cardiac vein during oxygenated Fluosol perfu- 
sion indicated less myocardial lactate production. In 
contrast the neutral lactate balance during balloon in- 
flation without distal perfusion likely reflected a greater 
mixture of blood from nonischemic areas (extracting 
lactate) with whatever blood did drain from ischemic 
areas (releasing lactate). 

Does lactate release during oxygenated Fluosol per- 
fusion reflect insufficient oxygen delivery to the myo- 
cardium? Although net myocardial lactate release typi- 
cally reflects myocardial ischemia or hypoxia,”!° net 
lactate release only indicates accelerated glycolysis ex- 
ceeding the mitochondrial capacity to oxidize pyruvate. 
This may occur in vivo in skeletal muscle!! and in iso- 
lated perfused hearts or cardiocytes given only glucose 
as a substrate.!2:!3 The relatively high glucose concen- 
tration and absence of fatty acids in Fluosol may en- 
hance glucose uptake and glycolytic activity, contribut- 
ing to the lactate release observed. However, some de- 
gree of decreased myocardial oxygen delivery may 
occur with oxygenated Fluosol despite infusion at a rate 
(60 cc/min) similar to great cardiac vein flow in hu- 
mans.'+:!5 Although the greater oxygen partial pressure 
gradient and linear O% dissociation curve promote much 
more efficient oxygen delivery by Fluosol,* actual myo- 
cardial oxygen delivery may still be modestly reduced 
because of the smaller oxygen carrying capacity of 
Fluosol (7 to 8 volume %, PO» of 600 mm Hg) com- 
pared to blood (18 to 20 volume %, fully saturated). 16 

An alternative cause for lactate production during 
oxygenated Fluosol perfusion might be localized suben- 
docardial ischemia or side branch obstruction. Although 
a decrease in the subendocardial to subepicardial flow 
ratio has been reported in open-chest dogs receiving in- 


FIGURE 3. Great cardiac vein (GCV) lac- 
tate concentrations at 40 and 50 seconds 
into balloon inflation accompanied by 
distal ion with nonoxygenated or 
oxygenated Fluosol (*p <0.1, **p <0.02). 
Values represent mean + standard error 
-of the mean (n = 7 patients). 
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tracoronary infusion of Fluosol compared to blood, esti- 
mated absolute subendocardial flows at physiologic in- 
fusion rates were not significantly decreased.'’ Other in- 
vestigators have documented improvement in 
subendocardial flow with perfluorocarbon hemodilu- 
tion.'8:!9 Localized regions of ischemia from small side 
branches adjacent to the balloon might have occurred 
and contributed to the lactate washout after balloon de- 
flation. However, a failure to perfuse side branches does 
not account for lactate released while the balloon was 
inflated. Even with nonperfused inflations where the en- 
tire area distal to the balloon was involved net lactate 
release did not occur while the balloon was inflated. In 
addition, we attempted to exclude patients with bifurca- 
tion lesions and in reviewing the angioplasty angiograms 
we found only 3 patients who may have had significant 
side branch obstruction during balloon inflation. 

The results of this study are of interest in terms of 
the mechanism by which distal perfusion preserves con- 
tractile function during angioplasty. Lactic acid accu- 
mulation has been thought to contribute to ischemic 
myocardial contractile dysfunction.” Flow itself limits 
intracellular lactate accumulation and acidosis in exper- 
imental models’?! and likely does the same during angi- 
oplasty in view of our finding of lactate washout by dis- 
tal perfusion. However, we found only a modest de- 
crease in lactate production during oxygenated Fluosol 
perfusion despite a dramatic effect in preserving con- 
tractile function. These findings are consistent with 
more recent evidence that other mediators, such as inor- 
ganic phosphate, may be more important in the initial 
contractile dysfunction of the ischemic or hypoxic 
heart.22-24 The breakdown of creatine phosphate occurs 
rapidly in the absence of oxygen with buildup of inor- 
ganic phosphate.”> The primary effect of oxygen deliv- 
ery by Fluosol on contractile function during angio- 
plasty may be maintenance of oxidative metabolism 
rather than inhibition of lactic acid production. 

The effect of Fluosol perfusion on lactate metabo- 
lism has also been studied during acute coronary occlu- 
sion in the anesthetized dog where some degree of lac- 
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tate release occurred 20 seconds into the reperfusion pe- 


= riod after a 2-minute occlusion.” Relatively higher 


Fluosol infusion rates (50 ml/min in the left anterior 


_ descending artery of the dog) or the presence of greater 


collateral flow may account for the somewhat less dra- 


matic lactate release despite longer perfusion times. 


These investigators also found significant impairment 
(approximately 40%) in regional systolic function dur- 
ing oxygenated Fluosol perfusion, perhaps related to ef- 
fects of anesthesia or a species difference. Of interest, 
distal perfusion with oxygenated blood at the same flow 
rate preserved function and prevented the decrease in 
lactate extraction.*° 

Thus, distal perfusion with oxygenated Fluosol pro- 
vides sufficient oxygen delivery to maintain ventricular 
function during a 60-second balloon inflation despite the 
onset of lactate production. This may represent a bal- 
anced metabolic situation capable of maintaining con- 
tractile function during prolonged balloon inflations or 
an early predictor of subsequent delayed contractile fail- 
ure. Future studies will be required to resolve this issue. 
Nonetheless, lactate metabolism appears to be a very 
sensitive indicator of the degree of oxygen delivery dur- 
ing left anterior descending artery angioplasty and may 
prove useful in the future evaluation of distal perfusion 
agents. 
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Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE” 
is contraindicated in the following situations: - Active internal bleeding « History of cerebrovascu- 
ar accident + Recent (within two months) intracranial or intraspinal surgery or trauma (see 

ARNINGS) - Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 

diathesis + Severe uncontrolled hypertension. 
WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: « Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g. 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In tne following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding » Recent (within 10 days) trauma -+ Hypertension: 
systol c BP=180 mm Hg and/or diastolic BP=110 mm Hg « High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis + Subacute bacterial endocarditis e Hemostatic 
defects including those secondary to severe hepatic or renal disease + Significant liver dysfunction + 
Pregnancy + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions « Septic 
thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old » Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 

Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhytimias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 

Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 

Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under ¿n vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 
extent mitigate this phenomenon. 

Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 

Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 

Pediatric Use Safety and effectiveness of ACTIVASE” in children has not been established. 
Carcinogenesis, Mutagenesis, Impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 

Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
* mitotic ‘ome was evidenced only after prolonged exposure and only at the highest concentra- 

ions tested. 

Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs ere excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 

ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categones: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

The tollowing incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 


gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 


gingival <1% 













Dose Number of Patients a 
100 mg 3272 0.4 i 
150 mg 1779 TAA 
1-14 mg/kg 237 0.4 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. ji 
Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials1-7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with | 
placebo (37/3161, 12% versus 27/3092, 0.9%, respectively) (p = 0.26), wa 
Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant 
therapy with heparin. s\ Sa 
Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. LN 
Other Adverse Reactions Other adverse reactions have been reported, principally nausea ador 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be | 
attributable to ACTIVASE® therapy. iQ 


4 
DOSAGE AND ADMINISTRATION: Administer ACTIVASE” as soon as possible after the onset 
of symptoms. a 

ACTIVASE® is for intravenous administration only. ` 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 a 

A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED — 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. Ae 

Although the use of anticoagulants and antiplatelet drugs during and following administration of © 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given — 
either during and/or following heparin treatment. 4 
Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. f 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE” be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing — 
cant mg/mL at approximately pH 73. The osmolality of this solution is approximately 

mOsm/kg. l “a 

Because ACTIVASE® contains no antibacterial preservatives, it should be reconstituted immediately — 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided; 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE” Any unused 
infusion solution should be discarded. 
HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials — 
containing vacuum, each packaged with diluent for reconstitution. i 
Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from — 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 
ACTIVASE® Alteplase, recombinant 
Manufactured by A 
GENENTECH® INC. l 
460 Point San Bruno Blvd. f 
South San Francisco, CA 94080 - 

April, 1989 
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Detection of Human Collateral Circulation by 


Vasodilation-Thallium-201 Tomography 


Christoph A. Nienaber, MD, Detlef Salge, MD, Rolf P. Spielmann, MD, Ricardo Montz, MD, 
and Walter Bleifeld, MD 


Coronary arteriolar vasodilation may provoke 
redistribution of flow to collateral-dependent 
jeopardized myocardium. To assess the physiologic 
significance of collaterals, 80 consecutive post- 
infarction patients (age 58 + 8 years) underwent 
vasodilation—redistribution thallium-201 tomo- 
graphic imaging after administration of 0.56 mg 
of intravenous dipyridamole/kg body weight. 
Circumferential profile analysis of thallium-201 
uptake and redistribution in representative left 
ventricular tomograms provided quantitative 
assessment of transient and fixed defects and 
separation between periinfarctional and distant 
inducible hypoperfusion. Tomographic perfusion 
data were correlated to wall motion and collateral 
circulation between distinct anatomic perfusion 
territories. Patients were grouped according to 
presence (59%) or absence (41%) of angiographi- 
cally visible collateral channels to jeopardized myo- 
cardium. In the presence of collaterals, distant 
reversible defects were larger than in absence of 
collaterals (p <0.05); the extent of combined peri- 
infarctional and distant redistribution was also 
larger in collateralized patients (p <0.025), 
whereas the size of the persistent perfusion defect 
was similar in both groups. By prospective analysis 
the tomographic perfusion pattern of combined 
periinfarctional and distant redistribution revealed 
a sensitivity of 85% and a specificity of 78% for 
the detection of significant collateral circulation in 
this group of patients. Thus, using the exhausted 
flow reserve as a diagnostic tool, vasodilation—thal- 
lium-201 tomography has the potential to identify 
and quantitate collateralized myocardium in post- 
infarction patients and may guide diagnostic and 
therapeutic decision-making. 

(Am J Cardiol 1990;65:991-998) 


From the Department of Internal Medicine II and the Divisions of 
Cardiology and Nuclear Medicine, University Hospital Eppendorf, 
Hamburg, Federal Republic of Germany. Manuscript received Sep- 
tember 20, 1989; revised manuscript received and accepted December 
18, 1989. 

Address for reprints: Christoph A. Nienaber, MD, University Hos- 
pital Eppendorf, II. Medizinische Klinik/Abt. Kardiologie, 2000 Ham- 
burg 20, Martinistrasse 52, Federal Republic of Germany. 


espite several experimental and clinical attempts 
D to study the functional significance of coronary 

collateral circulation in man, its impact is not 
entirely understood. There is evidence of protective 
function from both experimental and human studies. !-6 
However, the angiographic assessment and clinical sig- 
nificance of collateral circulation remain controversial, 
since the angiographic appearance of collaterals does 
not necessarily correlate with myocardial perfusion.”-!! 
Currently the recognition of collateral networks still re- 
quires contrast angiography as a reference method.!!-!2 
Based on physiologic flow characteristics of collaterals, 
this study was designed to develop reliable criteria to 
identify collateral-dependent myocardium noninvasive- 
ly. Recent experimental evidence!>!4—that functional 
collaterals operate at maximal vasodilation precluding 
them from significant further recruitment of flow— 
prompted us to attempt to identify a sensitive and spe- 
cific marker for collateral-dependent human myocardi- 
um, using the regionally limited flow reserve as a diag- 
nostic tool. 


METHODS 

Study patients: Biphasic vasodilatation-redistribu- 
tion thallium-201 single photon emission computed to- 
mography (SPECT) was performed in 80 consecutive 
patients with electrocardiographic or enzymatic docu- 
mentation of recent myocardial necrosis and episodes of 
chest pain interpreted by the surveilling physician as 
suspicious of an angina-like syndrome. All subjects had 
2 of the following criteria: (1) chest pain consistent with 
myocardial ischemia 230 minutes within 24 hours be- 
fore admission, (2) increase in creatine kinase and MB 
serum levels to twice normal, (3) focal myocardial up- 
take of technetium-99m stannous pyrophosphate in 
presence of an equivocal serum enzyme pattern and (4) 
evolution of new Q waves or typical ST-T changes. Pa- 
tients with angina at rest or unstable angina, second- or 
third-degree atrioventricular block, atrial or ventricular 
fibrillation on admission or associated valvular heart 
diseases were excluded. There were 76 men and 4 wom- 
en with a mean age of 58 + 8 years. All patients were 
followed for at least 12 months (mean 14 + 2). In addi- 
tion, 20 subjects (16 men and 4 women; mean age 43 + 
6 years) with normal angiographic results underwent 
thallium-201 SPECT to form a normal database. 
SPECT imaging and catheterization were performed 
within 5 days. Anticipated whole body and renal dosim- 
etry was 0.26 rem/1.0 mCi and 2.1 rems/1.0 mCi of 
thallium-201, respectively. Long-acting nitrates and 
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TABLE I Clinical Characteristics in Relation to Collateral Status 


Collateral 


State | to Ill 


No. of pts (%) 33 (41) 
% female 6.0 

Age (yrs) 

Q-wave MI (%) 
Anterior 
Posterolateral 
Inferior 

Non-Q-wave MI (%) 
Anterior 
Posterolateral 
Inferior 

MI without ECG 
sign (%) 


47 (59) 


18 (54.5) 
9 (50) 
3 (17) 
6 (33) 

13 (39) 

7 (54) 
2 (15) 
4 (31) 
2 (6) 


* p <0.05 vs collateral state O. 
MI = myocardial infarction; — = absent. 


methylxanthine-containing drugs were discontinued 24 
hours before the study; only 6-blocking agents were per- 
mitted. All individuals gave written informed consent to 
a study protocol approved by the Institutional Ethics 
Committee. 

Cardiac catheterization: Coronary and left ventricu- 
lar angiography were performed within 4 weeks of the 
index event. Both coronary arteries were visualized in 
multiple oblique projections and recorded on 35 mm 
cinefilm at 50 frames/s. Maximal luminal diameter 
narrowing of each major coronary artery was caliper- 
quantitated independently by 2 angiographers blinded 
to imaging results; differences were resolved by consen- 
sus. The most severe lesion of the coronary arterial seg- 
ment was scored according to severity and location.'> 
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Narrowing of the left main stem was recorded as dis- 
ease in both the anterior descending and circumflex ar- 
tery. Infarct-related vessels were identified when the 
perfusion territory matched the electrocardiographic 
site of necrosis or wall motion abnormality. Noninfarct 
arteries were defined as those vessels perfusing areas 
with normal wall motion. Presence and significance of 
collaterals was graded on a 4-point scale from 0 to 3 
according to visibility and filling characteristics; 0 = no 
collaterals; 1 = thread-like, poorly opacified collaterals 
and faint visualization of the distal vessel; 2 = moder- 
ately opacified collateral channels; and 3 = large, 
brightly filled collateral channels with immediate visu- 
alization of the entire distal vessel >1.0 mm. Left ven- 
tricular wall motion analysis was performed by comput- 
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FIGURE 1. Protocol of vasodilation-redistribution thallium-201 single photon emission computed tomography (SPECT) imaging. 
Intravenous dipyridamole over 2 minutes was associated with an average increase in heart rate of 9% after 2 minutes and a 
transient decrease in mean arterial pressure by 7%. Five minutes after dipyridamole infusion 2.0 to 2.6 mCi of thallium-201 
chloride was injected. The acquisition was started after additional 5 minutes; redistribution images were acquired at 


180 minutes. 
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erized light-pen identification of superimposed end-dia- 
stolic and end-systolic silhouettes.!® Five left ventricular 
segments in both the right and left anterior oblique view 
were identified. The extent of irreversible myocardial 
damage was assessed according to the American Heart 
Association criteria.'’ Each of the 10 segments from bi- 
plane angiograms was subjected to a 5-point scoring 
system, where 1 = normal; 2 = moderate hypokinesia; 3 
= severe hypokinesia; 4 = akinesia and 5 = dyskinesia. 
The individual regional wall motion score reflecting se- 
verity and extent of damage was determined indepen- 
dently by 2 blinded observers; interobserver variability 
was extremely low (r = 0.94). 

Dipyridamole infusion protocol: Patients underwent 
dipyridamole thallium-201 SPECT in the postabsorp- 
tive state, particularly avoiding theophylline-containing 
beverages such as coffee and tea according to a previ- 
ously described protocol.!® Briefly, dipyridamole in a to- 
tal dose of 0.56 mg/kg body weight was infused intrave- 
nously over a period of 2 minutes under supervision of a 
cardiologist with continuous monitoring of Vs and 
sphygmomanometric blood pressure recordings in l- 
minute intervals. Parenteral aminophylline (200 mg) 
was available for termination of adverse effects. At the 
peak dipyridamole effect (after an additional 5 min- 
utes), 2.0 to 2.6 mCi of thallium-201 was administered 
via an 18 gauge polyethylene canula followed by a flush 
of 10 ml saline. Image collection was started 5 minutes 
after thallium-201 injection and repeated at 180 min- 
utes (Figure 1). 

Thallium-201 Imaging: Tomographic acquisition 
was performed using a large field-of-view gamma cam- 
era (Philips Gamma Diagnostics) equipped with a low 
energy, general purpose, parallel hole collimator inter- 
faced to a dedicated computer system (PDP 11/34) 
with Gamma-11™ software. In a 180° arc rotation— 
from a 30° left posterior oblique to 30° right anterior 
oblique position around the craniocaudal axis of the pa- 
tient—32 projections were obtained for 40 seconds each 
in a 64 X 64 matrix using a ./2 hardware zoom. A 20% 
energy window was centered at 72 and 169 KeV. Each 
projection was corrected for nonuniformity by use of a 
30 million counts flood source. The transaxial projection 
images were prefiltered using a count-dependent Metz 
filter and reconstructed to transverse slices by back-pro- 
jection with a ramp filter at a cut-off value of 0.5 cy- 
cles/pixel. After reconstruction the data were reorga- 
nized to contiguous short-axis and vertical long-axis sec- 
tions (8.8 mm thick) encompassing the left ventricle. 
No attenuation or scatter correction was applied. Local 
thallium-201 infiltration at the injection site was ex- 
cluded. 

Analysis of thallium-201 tomograms: Quantitative 
evaluation of perfusion defects in initial and delayed im- 
ages was adopted from established methods.!?° Cir- 
cumferential profiles of each of the transcavitary short- 
and long-axis tomograms in both the initial and delayed 
study were constructed from maximal count values per 
pixel in each of thirty-six 10° segments and normalized 
to the maximum in each image. Defects in thallium-201 
accumulation were determined by the computer com- 





paring the patient’s profile to the limits given by the 
database consisting of male and female volunteers. Seg- 
ments falling below normal limits (mean + 2 standard 
deviation) were summed up to express the defect area 
as percentage of the left ventricle in both the early and 
delayed study. For the definition of transient and fixed 
defects, profiles of corresponding tomograms in both the 
initial and delayed study were compared. For anatomic 
assignment, profiles were projected to 3 separate perfu- 
sion areas (Figure 2). Transient defects located in the 
perfusion area of an “infarct artery” were classified as 
periinfarctional defects. Redistribution to areas not sup- 
plied by the infarct artery was defined as distant perfu- 
sion defects. Fixed defects were assigned to segments 
with a profile below normal limits in both initial and 
delayed images, whereas transient defects required re- 
distribution to the established lower normal limits in 2 
adjacent segments. 

Statistical analysis: To assess specific pathoanatom- 
ic features of coronary disease, sensitivity was defined 
as true positive/(true positive + false negative). Predic- 
tive accuracy was true positive/(true positive + false 
positive). Continuous data are given as mean + stan- 
dard deviation. Student’s ¢ test was used for differences 
between the mean of independent observations; a chi- 
square test with Yates’ correction was used for differ- 
ences between proportions. Correlations were performed 


basal short 
axis slice 


midventricular and 
apical short axis slices 


vertical long 
axis slice 


FIGURE 2. Schematic display of tomographic evaluation and 
association to coronary anatomy. On basal short-axis tomo- 
grams the mitral valve plane was excluded from analysis. In 
sagittal long-axis tomograms only the apical segment of 120° 
was used for quantitative evaluation. The anatomical perfu- 
sion territories of the left anterior descending (LAD), left 
circumflex (LC) and right coronary artery (RCA) were as- 
signed on short-axis tomograms. No specific territory was 
assigned to the apex. 
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- Collateral 


Status | to Ill 


Gensini score 38 + 33 61 + 26* 
No. of CAs with >50% 
diameter reduction (%) 
22 (47) 
16 (34) 


6 (13) 


9 (27) 
13 (39) 
8 (24) 

Total coronary 

occlusion (%) 

6 (18) 
4 (12) 
7 (21) 
20 (62) 


21 (47)* 
10 (21) 
21 (47)* 
Stenosis of 270% in 42 (92)* 
contralateral artery 
LVEF 
WM score 
Regional dys /akinesia (%) 
Anterior 
Posterolateral 
Inferior 
Regional hypokinesia (%) 
Anterior 
Posterolateral 
Inferior 


6l +15 
1.53 + 0.52 
15 (32)* 


57-17 
1.72 + 0.69 
19 (58) 

1 


* p <0.05 vs collateral state of 0. 


61l +18 
1.58 + 0.66 


CAs = coronary arteries; LAD = left anterior descending coronary artery; LC = left circumflex; LVEF = left ventricular ejection fraction; WM = wall motion. 


Collateral 


State | to Ill 


Persistent defect 25.2 + 23.0 22.0+ 16.4 
(% of LV) 
Redistribution 
(% of LV) 
Peri-Ml 
Distant 
Combined peri-Ml 
and distant 


*p <0.05; t p <0.025. 
LV = left ventricle; other abbreviation as in Table |. 


SENI 17.8+9.1* 
5.3+ 5.0 
6.8 + 4.1* 

11.8 + 8.4* 


3.5 + 3.0 
4.0 3.1 
7.1+4.2 


by linear regression analysis. A p value <0.05 was re- 
quired for statistical significance. 


RESULTS 

Table I summarizes the relevant clinical characteris- 
tics of patients without angiographic evidence of collat- 
erals with patients in categories I, II and III of collater- 
al filling. Demographics were similar in all groups. An- 
giographic evidence of collateralization was present in 
47 patients (59%); at the time of the study 17 patients 
(36.2%) in the collateralized group had Q waves, where- 
as 18 patients (54.5%) had Q waves in the absence of 
collaterals (p <0.05). The incidence of ST-T changes 
was higher in the presence of collaterals (55 vs 39%; p 
<0.05). 

The angiographic characteristics of all patients are 
summarized in Table II. The Gensini score was higher 
in the presence of significant collaterals, but the inci- 
dence of single- and multivessel disease was similar. 
Left ventricular ejection fraction and regional wall mo- 
tion score showed a trend in favor of the collateralized 
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19.44 15.2 24.1417.3 20.4+ 17.1 


16.3 + 9.1 15.7 + 10.4 19.9 £ 9.28* 
6.5 + 4.9 
6.8 + 5.0* 


13 + 7.0* 


44+38 
4.0 + 3.0 
8.4+5.0 


5.0+ 4.3 
8.3 + 7.0! 
13:3 £9.19 





group. The incidence of totally obstructed vessels was 
higher in patients with collaterals (92%) compared to 
patients without angiographic evidence of collaterals 
(62%; p <0.05). The incidence of occluded circumflex 
coronary artery was similar in both groups. Regional 
ventricular dyskinesis or akinesia was less frequent in 
association with collaterals (32 vs 58%; p <0.05). Re- 
gional left ventricular hypokinesia was more frequent in 
the presence of collaterals (68 vs 39%; p <0.05). How- 
ever, among individuals with a collateral network, no 
correlation was found between the gradual angiographic 
appearance of collateralization and the severity of wall 
motion abnormalities. 

Table II] summarizes the quantitative evaluation of 
reversible and fixed perfusion defects. The average fixed 
defect in collateralized patients is similar to the defect 
size in noncollateralized patients (22.0 + 16.4 vs 25.2 + 
23.0%; difference not significant; Figure 3). Reversible 
defects were larger in the presence of collaterals (17.8 + 
9.1 vs 11.3 + 11.1%; p <0.05; Figure 4). No relation 
was found between the spatial extent of redistribution 





sa 


and the degree of collateralization. However, inducible 
hypoperfusion was topographically associated with col- 
lateral networks (Figure 5). Moreover, distant revers- 
ible perfusion defects were significantly larger in the 
presence of collateral circulation (6.8 + 4.1 vs 4.0 + 
3.1%; p <0.05). The myocardium at risk covered by 
combined periinfarctional and distant redistribution was 
larger in the presence of collateral networks (11.8 + 8.4 
vs 7.1 + 4.2; p <0.05). Patients with grade I collaterals 
could not be distinguished from those without collater- 
alization. 

In an attempt to prove the specific link between col- 
laterals and redistribution, a subset of 30 patients with 
complex occlusion rather than stenosis of 1 major coro- 







A 
A 
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vasodilation redistribution 


FIGURE 3. Thallium-201 SPECT perfusion images revealing 
periinfarctional redistribution and a posterior fixed defect in 
the RCA on 4 consecutive short-axis slices and 2 sagittal 
long-axis cuts. The tracer distribution is shown in vasodilation 
and after redistribution. The images reflect a persistent poste- 
rior defect with periinfarctional redistribution marked by 
white dots on the circumferential profile. Perfusion to the ter- 
ritories of both left circumflex and anterior descending is nor- 
mal. The corresponding angiogram revealed a 90% proximal 
stenosis in a recanalized RCA with moderate anterograde 
flow; the posterior segment was akinetic. Abbreviations as in 
Figure 1 and 2. 





nary artery was separately analyzed; 22 patients with 
grade II and III collaterals were compared to 8 patients 
without collaterals. Table IV shows that the severity of 
coronary disease was similar in both subsets, but the 
persistent defect size was significantly larger in the ab- 
sence of collaterals (48.0 + 25.4 vs 26.0 + 15.7%; p 
<0.025). The total reversible defect (redistribution) 
measured 4.9 + 4.5% in the absence of collaterals and 
was almost entirely periinfarctional. In contrast, in the 
presence of collaterals the area of redistribution was 
16.4 + 8.1% (p <0.01); 5.0 + 2.8% were located in a 
periinfarction area and 8.9 + 7.4% were confined to dis- 
tant redistribution. 

Since the correct identification of the infarct-related 
vessel is a prerequisite to separate periinfarctional from 
distant ischemia,'* the potential of vasodilation-thalli- 
um-201 SPECT to identify the location of the perfusion 





vasodilation redistribution 


FIGURE 4. Tomographic perfusion images demonstrating the 
pattern of combined periinfarctional and distant redistribution. 
The layout of the images is identical to Figure 3. The tomo- 
grams show a persistent defect in the posterior-apical seg- 
ment and redistribution to the perfusion territories of both 
LAD and RCA, indicative of a posterior infarction and exten- 
sive collateral network involving the RCA and LAD territories. 
Abbreviations as in Figure 2. 
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TABLE IV Perfusion Characteristics in Presence of a Totally 




































a j 

“3 Occluded Infarct-Related Artery 

E- Collateral Il to IlI p 

pi> State 0 (n = 8) (n = 22) Value 
A Gensini score 77 + 22 70 + 26 

m- No. of CAs with >50% 2.16 40.5 2.40 + 0.7 

-a diameter reduction 

ee Persistent defect (%) 48.0 +25.4  269415.7 <0.025 
w Reversible defect (%) 49445 164481  <0.01 
a Peri-Ml 3.0 + 2.8 50428 NS 

po Distant 1.1 +40.9 8.9 + 7.4 

c a CAs = coronary arteries; NS = not significant; other abbreviation as in Table |. 
a 

A TABLE V Identification of the Infarct-Related Coronary 
E Artery 

a r Predictive Value 

w | Sensitivity Specificity Positive Negative Accuracy 
FF r 

N 

>e LAD = left anterior descending; LC = left circumflex. 

g defects was analyzed (Table V). The sensitivity for per- 


fusion defects in the territory of the left anterior de- 
| scending coronary artery was 0.88, of the circumflex 
va territory 1.00 and for the territory of the right coronary 
artery 0.90. Specificity was 1.00 for the anterior de- 
scending and 0.98 for both the circumflex and right cor- 
a onary artery. As shown in Table VI the pattern of com- 
1 bined periinfarctional and distant redistribution was 
clearly related to the presence of collateral networks 
with a sensitivity of 0.85, a specificity of 0.78 and a 


' yw 





‘cg 





FIGURE 5. Corresponding coronary angiogram to the tomo- 
grams shown in Figure 4 in the left anterior oblique projec- 
tion. With contrast injection into the severely stenosed RCA, 
the entire LAD territory is retrogradely visualized via grade Ill 
gram revealed segmental posterior hypokinesis. Abbreviations 
as in Figure 2. 
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TABLE VI Identification of Collateral-Dependent 
Myocardium 


Sensitivity Specificity Accuracy 
Peri MI 
Distant 


Combined 





predictive accuracy of 0.82 and thus better than other 
perfusion patterns. 


DISCUSSION 

This study suggests that angiographically detectable 
collateral channels, i.e., collateral-dependent myocardi- 
um, can be identified by using the regionally exhausted 
collateral flow reserve as a diagnostic tool. Thus, tomo- 
graphic dipyridamole thallium-201 imaging has the po- 
tential to identify patients with functional collateral ves- 
sels by noninvasive means. Patients with collateral net- 
works are characterized by a large extent of potentially 
ischemic myocardium. Two or more perfusion territo- 
ries are involved in presence of combined periinfarc- 
tional and distant redistribution. Under conditions of 
low oxygen demand, at rest or with 8 blockade, collater- 
al channels may deliver sufficient oxygen to jeopardized 
myocardium, but fail to prevent ischemic reactions at 
higher flow demand. This observation confirms recent 
clinical studies suggesting protective potential of collat- 
erals only at low flow demand.!!2!.2? With pharmaco- 
logic vasodilation, collaterals fail to increase their trans- 
port capacity, which is in part the pathophysiologic ex- 
planation for the diagnostic usefulness of vasodilation- 
thallium-201 scintigraphy to identify myocardium sup- 
plied by collateral circulation. A decrease in driving 
pressure at the origin of collaterals with maximal vaso- 
dilation may even lead to regional shunting of blood 
from collateral-dependent myocardium to adjacent left 
ventricular segments, potentially causing ischemic reac- 
tions.*7-*° Moreover, the observation of similar size of 
the fixed defect irrespective of collateralization raises 
concern about the protective potential of collaterals. 
However, fixed thallium-201 perfusion defects might be 
false positive results since “hibernating” myocardium 
was demonstrated by metabolic imaging with fluorine- 
18-deoxyglucose in >50% of “scar” tissue2’; this tissue 
might be protected from irreversible damage by residual 
flow to the infarct area undetectable by flow tracers. 

Specific aspects of dipyridamole—thallium-201 im- 
aging: Dipyridamole induces a transient pressure drop 
that can affect perfusion to collateral networks, espe- 
cially in the presence of critical stenoses in arteries feed- 
ing collateral channels.** In contrast, an ergometric 
stress test is usually associated with an increase in blood 
pressure. This fluid dynamic implication probably con- 
tributes to the high sensitivity of vasodilation-thallium- 
201 tomography to identify collateralized myocardium. 
Another difference is that symptom-limited exercise 
does not necessarily warrant a maximal increase in re- 
gional flow differential.*.??? Using planar thallium-201 
imaging in addition to physical exercise, Berger et al!° 
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could not demonstrate protection from ischemia by col- 
lateral vessels. Our results, especially in patients with 
occluded infarct vessels, suggest that the angiographic 
appearance of collaterals may correlate with their func- 
tional significance; however, there was no clear relation 
between the angiographic grades (I, II and III) and 
scintigraphic characteristics, which might be partially 
related to difficulties in differentiating collateral perfu- 
sion from residual anterograde flow in the presence of 
severe stenoses or incomplete occlusions. Intramural 
collateral vessels with diameters <80 um are not visual- 
ized by standard angiographic equipment. The low or 
even negative early clearance rate of thallium-201 after 
dipyridamole is likely to improve detection of myocardi- 
um with exhausted vasodilator reserve.*? The delinea- 
tion of relative hypoperfusion should be facilitated if 
thallium-201 uptake continues to occur during dipyrida- 
mole-induced flow disparity. Thus, the focus of vasodi- 
lation-thallium-201 imaging is not the detection of sig- 
nificant coronary lesions but the identification of myo- 
cardial segments with limited or exhausted perfusion 
reserve. However, collateral networks often develop as a 
reaction to intermittent or chronic ischemic stimuli as 
evidenced by the association with chronic stenotic or ob- 
structive coronary lesions.!47 

Side effects of dipyridamole: Dipyridamole was tol- 
erated by 80 patients with coronary artery disease and 
by 20 normal subjects without serious side effects in a 
dosage of 0.56 mg/kg over 2 minutes. Patients with 
marked left ventricular dysfunction or high grade coro- 
nary stenoses did not experience an increased incidence 
of side effects. Symptoms associated with dipyridamole 
ranged from chest pain (36%) and ST changes (32%) to 
transient headache (32%) and facial flushing (13%). 
There was no incident of sustained hypotension or ad- 
verse reactions. In 11 cases (13.7%) aminophylline was 
given to terminate sustained angina. 

Limitations: The use of circumferential profile anal- 
ysis allows a quantitative assessment, the assignment of 
perfusion territories and thus a correlation with angio- 
graphic findings and segmental wall motion. Anatomic 
variability, however, may lead to incorrect sizing of a 
vessel-related perfusion defect. Since myocardial thalli- 
um-201 clearance after dipyridamole is slower than af- 
ter exercise, a fill-in phenomenon is more likely to occur 
after dipyridamole.”’ It can be explained by a rapid 
clearance of the relatively higher extracardiac thallium- 
201 uptake (i.e., liver and splanchnic area) which, in 
contrast to thallium-201 trapped in skeletal muscle after 
exercise, acts as an internal infusion pump and may af- 
fect redistribution to segments with early defects. To 
take this peculiar thallium-201 clearance into consider- 
ation, normal limits were established from 20 normal 
controls who underwent dipyridamole thallium-201 im- 
aging because diagnostic criteria adopted from exercise 
data would increase the number of false-positive results 
and decrease specificity. 

Clinical implications: This study leads to several con- 
clusions: (1) collateralized myocardium can be identi- 
fied noninvasively by diagnostic use of regionally limit- 
ed perfusion reserve; (2) the presence of collaterals is 
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associated with redistribution to >1 coronary territory 
and is suggestive of a large spatial extent of potentially 
ischemic myocardium; and (3) collaterals protect myo- 
cardium at risk at rest, but may not provide adequate 
flow required for elevated perfusion demand. Thus, va- 
sodilation-redistribution thallium-201 SPECT provides 
an estimate of the extent of myocardium with exhausted 
flow reserve in addition to important physiologic infor- 
mation on collateral perfusion in postinfarction patients. 
Our observations confirm the theory of Blumgart et al*° 
and support previous experimental studies in a clinical 
scenario by demonstrating that functional collaterals 
cannot adapt their transport capacity to a sudden in- 
crease in flow demand because they operate already at 
or near maximal vasodilation. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Acute Changes in Pacing Threshold 
and R- or P-Wave Amplitude During 
Permanent Pacemaker Implantation 


Michael de Buitleir, MD, William H. Kou, MD, Stephen Schmaltz, MPH, and Fred Morady, MD 


This study examines the changes in pacing thresh- 
old and R- or P-wave amplitude during the first 30 
minutes after implantation of tined and screw-in 
leads. The leads examined were those of 1 manu- 
facturer (Medtronic) and consisted of 3 ventricular 
pacing leads (model numbers 6957 unipolar screw- 
in [11 patients], 6961 unipolar tined [12 patients] 
and 6962 bipolar tined [7 patients]) and 1 atrial 
lead (model number 6957J unipolar screw-in [10 
patients]). After optimal lead position was obtained 
fluoroscopically in the right ventricular apex or 
right atrium, the pacing threshold and R- or P- 
wave amplitudes were measured at 5-minute inter- 
vals for 30 minutes. 

The acute ventricular pacing threshold with the 
screw-in lead was significantly higher than with the 
tined lead (0.84 + 0.17 vs 0.58 + 0.15 volts; p 
<0.001). There was a significant (p <0.001) acute 
decrease in the ventricular pacing threshold with 
both lead types, with the maximum decrease occur- 
ring 5 minutes after lead implantation. There was a 
significant acute increase in R-wave size with the 
ventricular screw-in lead that peaked 20 minutes 
after lead implantation (11.9 + 3.0 to 14.7 + 4.1 
mV; p <0.001). The atrial screw-in lead behaved in 
a manner identical to its counterpart in the ventri- 
cle. In conclusion, there are acute changes in the 
pacing threshold and R- or P-wave amplitude ob- 
tained with tined and screw-in pacing leads. In 
some patients, a pacing threshold or R- or P-wave 
amplitude that is initially unacceptable may im- 
prove to an acceptable level over 15 to 20 minutes 
without further lead manipulation, especially when 
an atrial screw-in lead is used. 

(Am J Cardiol 1990;65:999-1003) 
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plitudes are important in identifying an adequate 

lead position during permanent pacemaker im- 
plantation. A number of factors influence these parame- 
ters including the type of lead used, the lead position 
within the cardiac chamber and the extent of contact 
between the lead tip and viable myocardium. Because of 
contrasting means of myocardial contact, differences in 
acute pacing parameters might be expected with tined 
and screw-in lead tip configurations. However, no stud- 
ies to date have performed a systematic analysis of the 
acute pacing and sensing parameters with these leads. 
The purpose of this study was to compare the immedi- 
ate pacing thresholds and sensing characteristics of 
tined and screw-in leads and to examine acute changes 
in these parameters during the first 30 minutes after 
implantation. 


T acute pacing threshold and R- or P-wave am- 


METHODS 

Subjects: The study protocol was performed during 
implantation of a clinically indicated permanent pace- 
maker for which all patients had given informed con- 
sent. Thirty-five patients were included in the study. 
Their mean age was 66 + 15 years (range 28 to 90) and 
20 were men. The indication for permanent pacemaker 
implantation was sick sinus syndrome in 15 patients, ca- 
rotid sinus syndrome in 6 patients and atrioventricular 
block in 14 patients. 

Pacing leads: Four Medtronic endocardial pacing 
leads were compared. The leads of 1 manufacturer were 
used so as to maintain uniformity for comparison. Elev- 
en patients had a unipolar ventricular screw-in lead 
(model 6957). The electrode on this lead is a platinum 
alloy helix that provides active fixation to the endocardi- 
um. The helix is advanced or retracted by rotating the 
connector pin with a fixation tool. The lead has a nickel 
alloy conductor and polyurethane insulation. Twelve pa- 
tients had a unipolar ventricular tined lead (model 
6961). This lead has a platinum alloy ring-shaped tip 
electrode. In addition, there are 4 silicone rubber tines 
near the electrode tip, a nickel alloy conductor and sili- 
cone rubber insulation. Seven patients had a bipolar 
ventricular tined lead (model 6962); this lead is identi- 
cal to the unipolar ventricular tined lead (model 6961), 
except that there is a second ring electrode near the tip. 
Ten patients had a unipolar atrial screw-in lead (model 
6957J). This lead is identical to its counterpart in the 
ventricle (model 6957) except that the distal segment is 
J-shaped. This modification is designed to facilitate 
electrode placement in the right atrial appendage, on 
the lateral right atrial wall or on the atrial septum. 
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TABLE I Ventricular Pacing Threshold, Resistance and R-Wave at Baseline and at 5-minute Intervals for 30 Minutes for the 
Unipolar Screw-In (Medtronic model 6957), Unipolar Tined (model 6961) and Bipolar Tined (model 6962) Pacing Leads 


Threshold 


_ ere 


6957 


Minutes Volts 


0.84 + 0.17 

0.69 + 0.14+ 
0.66 + 0.12# 
0.65 + 0.10# 
0.65 + 0.09 
0.67 + 0.10? 
0.65 + 0.09% 


1.24 + 0.40 

1.04 + 0.32+ 
1.00 + 0.22+ 
1.00 + 0.27 
1.00 + 0.20 
1.00 + 0.23+ 
1.00 + 0.20? 


0.58 + 0.15 
0.53 + 0.12? 
0.51 + 0.12 
0.51 + 0.13? 
0.48 + 0.10# 
0.47 + 0.10# 
0.47 + 0.10# 


0.91 + 0.25 
0.84 + 0.16 
0.81 +0.18+ 
0.77+0.17# 
0.76 + 0.19? 
0.75 + 0.17+ 
0.73 + 0.20+ 


0.64 + 0.26 
0.51 +0.14 
0.51 + 0.10# 
0.53 + 0.07? 
0.51 + 0.07 
0.51 + 0.07# 
0.53 + 0.07* 


0.91 + 0.36 

0.76 +0.16t 
0.73 + 0.09# 
0.76 + 0.16# 
0.76 + 0.10+ 
0.73 + 0.17+ 
0.77 + 0.09+ 





Resistance (ohms) 


6957 


658 + 207 
625+ 161 
632 + 156 
637 + 167 
627 + 150 
648 + 176 
630 + 191 


618 + 93 
585 + 83 
625 + 103 
600 + 82 
586 + 84 
593 + 69 
585 + 76 


581+ 78 
584 + 66 
567 + 70 
602 + 67 
620 + 107 
621+ 88 
632 + 105 


R Wave (mV) 


6957 


* p <0.05 vs baseline; ' p <0.01 vs baseline; * p <0.001 vs baseline; all others not significant. 


Pacing lead implantation and threshold determina- 
tion: Venous access was obtained through a subclavian 
or cephalic vein. The ventricular lead was advanced un- 
der fluoroscopic guidance and positioned at the right 
ventricular apex. The atrial lead was positioned in a 
similar manner either in the right atrial appendage (7 
patients) or on the atrial septum (3 patients). After a 
stable lead position was achieved, serial measurements 
of pacing threshold, resistance and filtered R- or P-wave 
amplitude were obtained at 5-minute intervals for 30 
minutes. These data were measured with a pacing sys- 
tem analyzer (Medtronic Inc., model 5311). During R- 
and P-wave measurement the largest amplitude signal 
detected during a 2-second sampling period was record- 
ed. Unipolar measurements were made with the indif- 












FIGURE 1. Acute pacing threshold data 
over the first 30 minutes after lead 
implantation in all patients in whom 
the baseline threshold was suboptimal 
(=1 volt). 
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ferent electrode connected to the tissues of the pace- 
maker pocket. ; 

The pacing threshold was measured by pacing at a 
rate of 80 to 100 pulses/min with stimuli that had a 
pulse width of 0.5 ms and an initial amplitude of 1.5 
volts. The amplitude was decreased in steps of 0.1 volt, 
and the pacing threshold was defined as the lowest pulse 
amplitude at which 100% ventricular or atrial capture 
was maintained for at least 15 seconds during normal 
respiration. The current, resistance and R- or P-wave 
amplitudes then were measured with the pacing system 
analyzer. If the initial threshold in the atrium or ventri- 
cle was >1.3 volts, the lead was repositioned regardless 
of the fluoroscopic position. However, if the initial 
threshold remained >1.3 volts after >2 attempts at re- 
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positioning, the higher baseline threshold was accepted. 
A decision to reposition the lead was based solely on the 
capture threshold criterion. 

Statistical analysis: The data for the 3 ventricular 
pacing leads and the single atrial pacing lead were ana- 
lyzed separately. A repeated measures analysis of vari- 
ance was used to test for differences between the 3 ven- 
tricular pacing leads, for changes over time and for in- 
teractions between lead and time point differences.’ 
Within each group, different time points were compared 
using Fisher’s least significant difference multiple com- 
parisons procedure. A p value <0.05 was considered sig- 
nificant and all data are expressed as mean + | stan- 
dard deviation. 


RESULTS 

Pacing thresholds: The mean pacing thresholds for 
both the unipolar and bipolar tined leads were signifi- 
cantly lower than that for the unipolar screw-in lead (p 
<0.001) (Table I). The pacing thresholds for the uni- 
polar and bipolar tined leads were not significantly dif- 
ferent from each other. Comparison of the screw-in lead 
in the atrium and the ventricle revealed that when indi- 
vidual time points were compared, there was no signifi- 
cant difference in pacing threshold. However, if all the 
time points were combined, the average pacing thresh- 
old in the atrium (0.88 volt) was significantly higher 
than that in the ventricle (0.69 volt; p <0.01). 

The thresholds for all 3 ventricular leads at baseline 
were significantly higher than at 5 minutes and all sub- 
sequent time points (p <0.001). The threshold at 5 min- 
utes was not significantly different from the threshold at 
any of the later times. The majority of patients dis- 
played the group trend. The improvement was greater 
in some patients than in others and in no patient did 
values deteriorate significantly during the period of ob- 
servation. There were no significant interactions be- 
tween the thresholds of any of the 3 leads and time. 
This indicates that the 3 leads displayed the same down- 
ward trend in acute pacing threshold over the first 30 
minutes after implantation. For the atrial screw-in lead 
(Table II), the pacing threshold at baseline was also sig- 
nificantly higher than at 5 minutes and all subsequent 
time points (p <0.001). The threshold at 5 minutes was 
not significantly different from the thresholds at any of 
the later times. 

Figure 1 shows the acute pacing threshold data in all 
patients in whom the threshold at baseline was subopti- 
mal (=1 volt). There were 3 patients with a unipolar 
ventricular screw-in lead, 1 with a bipolar ventricular 
tined lead and 7 with a unipolar atrial screw-in lead. In 
all patients except for 2 who had the atrial screw-in 
lead, the threshold fell to <1 volt within 30 minutes of 
lead implantation. In some patients the maximum im- 
provement occurred by 5 minutes, in others by 15 min- 
utes and in others by 30 minutes. 

Resistance: There were no significant differences in 
the measured resistance between any of the 3 ventricu- 
lar pacing leads examined (Table I). There were no sig- 
nificant changes in the measured resistance over time 
for either the atrial or ventricular leads (Table I and II). 
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TABLE Il Atrial Pacing Threshold, Current, Resistance and 
P-Wave at Baseline and at 5-minute Intervals for 30 Minutes 
for the 6957J (Medtronic) Atrial Pacing Lead 


Threshold 
(volts) 


P wave 


(mV) 


3.7422 

4.0+2.5 

4.5+2.7* 
4.7 + 3.0' 
4.8 + 2.8 
5.24: 3.50 
5.2 + 3.1# 


Resistance 
(ohms) 


Current 


Minutes (mA) 


545 + 139 
532 + 147 
524 + 97 

540 + 162 
5224117 
518 + 104 
539 + 126 


1.95 +0.73 

1.70+0.71' 
1.75 +0.80* 
1.59 + 0.67? 
1.50 + 0.70# 
1.46 + 0.70+ 
1.42+0.71 


1.07 + 0.27 

0.92 + 0.31! 
0.93 + 0.31 
0.86 + 0.28 
0.82 + 0.28% 
0.79 + 0.28 
0.77 + 0.28* 


* p <0.05 vs baseline; t p <0.01 vs baseline; t p <0.001 vs baseline; all others not 
significant. 





R- and P-wave amplitudes: There were no signifi- 
cant differences in the R-wave amplitude between the 3 
ventricular pacing leads (p = 0.49) (Table I). However, 
there was a significant increase over time in the R-wave 
amplitude for the 2 unipolar leads (p <0.006). For the 
unipolar screw-in lead, the R wave at 15 minutes was 
significantly larger than the baseline (p <0.01) and the 
R wave at 20, 25 and 30 minutes displayed a further 
significant increment. In the case of the unipolar tined 
lead, the R wave at 25 minutes was significantly larger 
than the baseline (p <0.05) and the R wave at 30 min- 
utes displayed a further small increment (p <0.01). For 
the bipolar tined lead, the size of the R wave at baseline 
was not significantly different than any of the subse- 
quent time points. 

There was also a significant increase in the magni- 
tude of the measured P wave over time (Table II). 
Compared to baseline, the P wave was significantly 
larger at 10 (p <0.05) and 15 minutes (p <0.01). There 
was a further significant increment in the size of the P 
wave at 20 minutes (p <0.001) and this was maintained 
at the subsequent time points. 

Figure 2 shows the acute R-wave amplitude in all 
patients in whom the baseline R wave was suboptimal 
(<7 mV). There were 4 such patients, 2 with a unipolar 
tined lead and 2 with a bipolar tined lead. In 3 of the 4 
patients, the R wave at 30 minutes was larger than at 
baseline. In 1 patient the R wave improved and then 
disimproved but this patient was the exception (Figure 
2). Figure 3 shows the acute P-wave amplitude in all 
patients in whom the baseline P wave was <5 mV. In 
the majority of these patients, the P wave at 30 minutes 
was larger than at baseline. 


DISCUSSION 

Comparison of different leads: The results of this 
study demonstrate that the acute ventricular pacing 
threshold obtained with a screw-in lead is significantly 
higher than that obtained with a representative tined 
lead. There is no difference in the pacing threshold be- 
tween a unipolar and a bipolar tined lead. R-wave size 
does not differ significantly between the screw-in and 
tined lead configurations. 

Changes over time: There is a significant decrease 
in the acute pacing threshold with both the screw-in and 
tined leads, with the maximum change generally occur- 
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ring by 5 minutes after lead implantation. The practical 


- importance of this finding arises when a lead has a sat- 


isfactory radiographic position but a marginal acute 
pacing threshold. In this situation it is reasonable to 
wait 5 minutes and reassess the pacing threshold. Our 
data suggest that the pacing threshold often may im- 
prove to an acceptable level, obviating the need for fur- 
ther lead manipulation. 

With the ventricular screw-in lead, there is a highly 
significant acute increase in R-wave size, which peaks 
20 minutes after lead implantation. Therefore, in a pa- 
tient with a marginal R wave (<5 mV) immediately 
after lead implantation in whom other pacing parame- 
ters are satisfactory, it is reasonable to accept this R 
wave in anticipation of improvement within 15 or 20 
minutes. With the unipolar ventricular tined lead, there 
is a similar but less prominent acute increase in R-wave 
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size at 25 minutes after lead implantation. However, 
there is no significant acute increase in R-wave size 
with the bipolar ventricular tined lead. 

Our study demonstrates that the screw-in lead be- 
haves in an identical fashion in the atrium as in the 
ventricle. There is a highly significant decrease in the 
atrial pacing threshold over the first 5 minutes after 
lead implantation and also a highly significant increase 
in P-wave size over the first 20 minutes after lead im- 
plantation. Thus, as in the case of the ventricular lead, 
if the atrial lead is in a stable position radiographically 
with marginal thresholds, it is reasonable to remeasure 
these thresholds after a short time in anticipation of a 
significant improvement. As demonstrated in Figure 3, 
most patients with a marginal baseline P-wave ampli- 
tude will show significant improvement within 30 min- 
utes to clinically acceptable values. 


FIGURE 2. R-wave amplitude over the 
first 30 minutes after lead implantation in 
all patients in whom the baseline R wave 
was suboptimal (<7 mV). 
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FIGURE 3. P-wave amplitude (lead 
69574) over the first 30 minutes after lead 


implantation in all patients in whom the 
baseline P wave was <5 mV. 
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Possible mechanisms: Implantation of the screw-in 
lead causes localized endocardial injury. This injury 
possibly may acutely raise the pacing threshold and im- 
pair the sensing function of the screw-in lead. With the 
passage of time after lead implantation this area of inju- 
ry may recede rapidly, with reabsorption of edema fluid 
and improvement in pacing and sensing parameters. In 
contrast, the tined lead would not be expected to injure 
the endocardium. Thus it would seem predictable that 
the initial pacing threshold is lower with this lead than 
with the screw-in lead. Improvement in the acute pacing 
and sensing characteristics with the tined lead may be 
due to the gradual improvement in contact between the 
lead tip and the endocardium over the first 30 minutes 
after lead implantation. 

Prior studies: To our knowledge, no prior studies 
have examined the evolution of pacing and sensing pa- 
rameters over the first 30 minutes after implantation of 
permanent pacemaker leads in patients. However, a 
number of studies have examined these data acutely 
and over a variable follow-up period. Mond and Slo- 
man? implanted a unipolar ventricular tined lead (Med- 
tronic 6961) in 100 patients and achieved an average 
acute pacing threshold of 0.59 volt, current of 0.92 mA, 
resistance of 560 ohms and R-wave of 8 mV. These 
data are very similar to those in our study. Berman et 
al? and Scoblionko and Rolett* examined changes in the 
pacing threshold at frequent intervals over 1 year and 
12 weeks, respectively, by means of pulse-width pro- 
gramming. However, their data are not comparable to 
ours. Holmes et al implanted a bipolar ventricular 
tined lead (Medtronic 6962) in 50 patients and found 
an acute mean stimulation threshold of 0.43 + 0.14 
volt, current of 0.78 + 0.24 mA, resistance of 521 + 77 
ohms and R wave of 10.2 + 3.9 mV. 

Similar to our results, Perrins et al® noted that the 
ventricular screw-in lead (Medtronic 6957) displayed a 
higher acute pacing threshold than the tined lead (Med- 
tronic 6961/2, p <0.001), which they attributed to its 
larger surface area. Using the same screw-in lead, Bis- 
ping et al’ found no significant difference between the 
pacing threshold in the atrium and ventricle. A number 
of investigators including Santini,® Bisping,’ Kleinert? 
and their co-workers have noted that there is a signifi- 
cant decrease in the atrial pacing threshold and increase 
in the amplitude of the P wave over a period of 10 to 30 
minutes after implantation of a screw-in lead in the atri- 
um. These changes were noted to coincide with the dis- 
appearance of the injury potential.’ However, although 
these features have been recognized in the past, our 


study is the first to provide a systematic study of these 
phenomena. | 

Shandling et al!° compared the unipolar P-wave am- 
plitude at the time of atrial lead placement in 43 pa- 
tients to that recorded at the end of pacemaker surgery. 
Overall, there was an increase in the mean P-wave am- 
plitude in patients with passive fixation leads but there 
was considerable individual fluctuation. They!” recom- 
mended that the atrial sensitivity be programmed with 
an adequate margin of safety early after pacemaker im- 
plantation. 

Limitations: The leads of only 1 manufacturer were 
examined, and therefore our findings may not apply to 
other types of leads. Another limitation is that we did 
not examine the pacing or sensing characteristics of a 
bipolar screw-in lead. However, available data, includ- 
ing those in the present study, suggest that there is little 
difference in pacing threshold and sensing characteris- 
tics between the unipolar and bipolar varieties of a par- 
ticular type of lead.!! 
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Effect of Depressed Left Ventricular Function 
on Hemodynamics of Normal St. Jude Medical 
Prosthesis in the Aortic Valve Position 


Jian-Fang Ren, MD, Krishnaswany Chandrasekaran, MD, Gary S. Mintz, MD, John Ross, RCPT, 
Ronald S. Pennock, MD, and William S. Frankl, MD 


To evaluate the effect of left ventricular (LV) 
dysfunction on Doppler-derived transprosthetic 
hemodynamic indexes in patients with normally 
functioning St. Jude aortic valve prostheses, 74 
consecutive patients were studied. LV ejection frac- 
tion was assessed by using Simpson’s biplane rule. 
The 34 patients with normal ejection fraction 
(20.51) (group A) generally had the highest values 
of peak (31 + 13 mm Hg) and mean (16 + 6 mm 
Hg) gradients, whereas 19 patients with moderate 
to severe reduction of ejection fraction (<0.31) 
(group C) had the lowest values (17 + 6 and 9 +3 
mm Hg, respectively) (p <0.05). Significant de- 
creases (p <0.05) for acceleration and corrected 
(for heart rate) velocity time integral in group C 
were noted compared to group A, and group B (21 
patients with mild to moderately reduced ejection 
fraction [0.50 to 0.32]). A significant inverse corre- 
lation for Doppler-derived peak and mean gradients 
and corrected velocity time integral was demon- 
strated with increasing aortic valve prosthetic sizes 
from 19 to 29 mm in group A patients (r = —0.41 
to —0.71) but less so in group B or C. Thus, in ad- 
dition to valve size, LV function should be consid- 
ered an important factor in detecting prosthetic val- 
vular flow characteristics and dysfunction. A nor- 
mal derived velocity and gradient in patients with 
moderately to severely depressed LV function may 
not rule out significant valvular stenosis. 

(Am J Cardiol 1990;65:1004-1009) 
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Jude cardiac valve prosthesis have been demon- 

strated by angiographic,'!* noninvasive and 
Doppler echocardiographic studies.4 Evaluation of 
prosthetic valvular dysfunction has been a difficult 
problem. Quantitative Doppler echocardiography has 
been used for detecting flow characteristics and pres- 
sure gradients in patients with normal prosthetic 
valves.° Before prosthetic valve dysfunction can be diag- 
nosed, the range and variation of a normal Doppler 
study must be defined. However, many patients under- 
going aortic valve replacement for aortic stenosis or re- 
gurgitation already have reduced left ventricular (LV) 
function. This study was designed to evaluate the effect 
of LV dysfunction on Doppler-derived hemodynamic in- 
dexes in patients with a normally functioning St. Jude 
aortic valve prosthesis. 


(Cre: and hemodynamic advantages of the St. 


METHODS 

Study patients: Patients were deemed to have nor- 
mal aortic valve prostheses if they had no clinical suspi- 
cion of prosthetic dysfunction and no prosthesis-related 
complication based on history, physical examination 
and follow-up postoperative Doppler echocardiographic 
study as previously described in our laboratory.+> These 
prostheses were not proven normal by catheterization 
because such invasive study is no longer warranted. Be- 
tween September 1984 and October 1988, 74 consecu- 
tive asymptomatic patients with a clinically normal 
functioning St. Jude aortic valve prosthesis had routine 
baseline and follow-up high quality cardiac images and 
Doppler flow studies (Table I). There were 43 men and 
31 women with a mean age of 61 years (range 15 to 
91). The postoperative interval was 2.1 + 2.1 years 
(range 1 week to 6 years). None was clinically suspect- 
ed of having prosthetic dysfunction. Patients receiving 
8-blocking medication were excluded from this study. 

Doppler echocardiography: Doppler echocardio- 
graphic studies were performed with Irex Meridian 
phased array or Interspec XL mechanical ultrasound 
system with pulsed and continuous mode Doppler ultra- 
sound. LV ejection fraction was derived from end-dia- 
stolic and end-systolic volumes determined by tracings 
from 2 apical orthogonal views and using Simpson’s bi- 
plane rule.’ The peak flow velocity spectral signals 
across the aortic valve prosthesis were recorded from 
apical, right parasternal or suprasternal approaches. 
Peak velocity was the highest value recorded from mul- 
tiple views. Peak pressure gradient (Ap) was estimated 








from the peak transvalvular velocity (V) using the mod- 
ified Bernoulli equation (Ap = 4V7). The mean velocity 
and mean pressure gradient, corrected time of flow (di- 
viding by ,/RR to correct for heart rate) and peak ac- 
celeration were calculated using commercially available 
hardware and software from the videotape. Corrected 
velocity time integral was calculated by multiplying the 
mean velocity and corrected time of flow. For all pa- 
tients, 3 to 5 cardiac cycles were measured and aver- 
aged. In 6 patients with arrhythmia, 25 cardiac cycles 
were measured. 

Aortic and mitral regurgitation was detected semi- 
quantitatively using the mapping technique with range- 
gated pulse Doppler as previously described.” Subjective 
evaluation of LV wall motion abnormalities was as- 
sessed by independent observers without knowledge of 
the quantitative data. 

Statistical analysis: Results are expressed as mean 
+ standard deviation. Statistical correlation between 
Doppler-derived measurements and prosthetic size was 
made using linear regression analysis. Statistically sig- 
nificant differences between means of different groups 
were determined using the unpaired f test or analysis of 
variance as appropriate. A p value of <0.05 was consid- 
ered significant and that of <0.10 marginally signifi- 
cant. 


RESULTS 

Postoperative characteristics and general echocar- 
diographic findings are listed in Table I. Mild aortic 
regurgitation was found in 14 (19%) patients and LV 
segmental wall motion abnormalities in 27 (36%) pa- 
tients. 

According to the 2-dimensional echocardiographic 
quantitative determination of LV ejection fraction, the 
patients were divided into 3 groups. Group A included 
34 patients with normal LV ejection fraction (=0.51)*; 
group B included 21 patients with mild to moderate re- 
duction of LV ejection fraction (0.50 to 0.32); group C 
included 19 patients with moderate to severe reduction 
of LV ejection fraction ($0.31). Table II lists Doppler- 
derived hemodynamic measurements of these 3 groups 
with different prosthetic sizes. Means of the peak (31 + 
13 mm Hg) and mean (16 + 6 mm Hg) pressure gradi- 
ents ranged from 12 to 77 and 6 to 30 mm Hg, respec- 
tively. The group A patients with normal LV function 
generally had the highest values of gradients compared 
to the group B and C patients with LV dysfunction, 
especially at given smaller valve sizes (19, 21 and 23 
mm) rather than larger sizes (25, 27 and 29 mm). 
Means of the peak (17 + 6 mm Hg) and mean (9 + 3 
mm Hg) pressure gradients of the group C patients 
with moderate to severe LV dysfunction were the lowest 
values, ranging from 10 to 36 and 5 to 18 mm Hg, 
respectively. There were statistically significant de- 
creases for the mean values of the peak and mean pres- 
sure gradients and acceleration and corrected velocity 
time integral measurements for group C compared to 
groups A and B (p <0.05 to 0.001, Figure 1). Mean 
pressure gradient and acceleration measurements in 
group B patients were also significantly reduced com- 


TABLE I Postoperative Characteristics of 74 Study Patients 


Mean + SD 
(Range) 


6l +14 







No. (%) 








Age (yrs) 

























(15-91) 
Sex: M/F 43/31 
Postoperative interval (yrs) 2.1 2.1 
(1 week-6 years) 
Doppler echocardiography 
LV ejection fraction 
Group A 20.51 34 (46) 0.61 + 0.09 
(0.51-0.77) 
Group B 0.50 to 0.32 21 (28) 0.43 + 0.06 
(0.32-0.50) 
Group C <0.31 19 (26) 0.22 + 0.06 
(0.10-0.31) 
Aortic regurgitation (mild) 14 (19) 
Mitral regurgitation (mild) 4 (5) 
Segmental LV abnormality 27 (36) 
LV hypertrophy 12 (16) 
Pericardial Effusion 5. 
Atrial fibrillation 6 (8) 
Mitral valve prosthesis 6 (8) 


LV = left ventricular; SD = standard deviation. 


pared with those in group A (p <0.05 to 0.025, Figure 
1). The average prosthetic valve size in each group was 
23 mm. 

A significant inverse correlation (p <0.05) for Dopp- 
ler-derived peak (r = —0.71) and mean (r = —0.41) 
gradients, and corrected velocity time integral (r = 
—0.44) was demonstrated with increasing aortic valve 
prosthetic size from 19 to 29 mm in group A patients; 
there was a lesser reduction of such a correlation in 
group B or C patients (Table III). Figure 2 shows corre- 
lation for the peak and mean pressure gradient and cor- 
rected velocity time integral with the prosthetic valve 
size in these 3 groups. Group C patients (ejection frac- 
tion <0.31) had the lowest values for any given pros- 
thetic size. 

Inter- and intraobserver variation: Interobserver 
variation for quantitative measurement of peak velocity 
was assessed in 47 patients between 2 independent ob- 
servers. The interobserver variability for peak velocity 
was 1.1 + 1.0%. LV ejection fraction was measured by 
a single observer without knowledge of the Doppler 
quantitative data. The intraobserver variability for ejec- 
tion fraction assessed in 30 patients was 9 + 1%. 


DISCUSSION 

Depressed left ventricular ejection fraction in pa- 
tients with normally functioning St. Jude aortic valve 
prosthesis: Many of the patients who survive aortic 
valve replacement improve their LV function during fol- 
low-up. Some patients, however, have a poor outcome. 
Two-dimensional echocardiographic determination of 
LV ejection fraction using Simpson’s biplane rule has 
compared favorably with cineangiographic and radionu- 
clide angiographic measurements’ and has been rou- 
tinely accepted as a quantitative technique for evaluat- 
ing LV function.?!° In 74 patients with a normally 
functioning St. Jude aortic prosthesis in this study, 40 
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(54%) had a reduced LV ejection fraction (0.33 + 0.12) 
<0.51 during a mean postoperative period of 2.1 years. 
LV end-diastolic volume index (2101 ml/m?) was in- 
creased in 60% (44 of 74) of our patients with an abnor- 
mal LV ejection fraction. In a recent study, similar ab- 
normalities in LV size and function were demonstrated 
in 180 patients having aortic valve replacement and 
postoperative catheterization study.'' Hwang et al!! re- 
ported a postoperative depressed LV function (ejection 
fraction <0.51 or LV diastolic volume index 2101 ml/ 
m2) in 28 to 53% of their patients. For patients in this 
study, depressed LV function may be caused by coro- 
nary artery disease since some had segmental wall mo- 
tion abnormalities. 

Effect of reduced left ventricular ejection fraction 
on Doppler-derived hemodynamic measurements: 
Doppler-derived pressure gradient across the aortic 
valve prosthesis is dependent on several factors includ- 
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ing effective flow area, LV function, heart rate and flow 
period (systolic ejection period).'* The findings in this 
study confirm that changes in LV function may have an 
effect on measured pressure gradients, independent of 
prosthetic valve function. Peak and mean gradients 
were decreased in patients with reduced LV ejection 
fraction, especially <0.31, and a normally functioning 
prosthesis. Statistical difference for such a decrease in 
these gradient measurements became more significant 
between the group A and B to group C patients, espe- 
cially those with smaller (21 and 23 mm) or average 
prosthetic sizes. Although the patients were not selected 
to equalize average valve size in each group, the size 
was similar (23 mm). Doppler-derived pressure gradi- 
ents may be compared in the presence of stable LV 
function. Ramirez et alf studied 107 patients with nor- 
mal LV ejection fraction determined by 2-dimensional 
echocardiography in 4 different models of aortic valve 


Group LVEF 


FIGURE 1. Comparison of peak and mean 
pressure gradient (A), acceleration (B), 
and corrected velocity time integral (C) 
between group A (left ventricular ejection 
fraction [LVEF] 20.51), group B (LVEF 
0.50 to 0.32) and group C (LVEF <0.31) 
patients with an average prosthetic valve 


size of 23 mm. 
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Depressed Left Ventricular Function at a Given Prosthetic Size 
Size PG MG 










Ranges are given in parentheses. 


Slope 
Int 
P value 


Panidis? 

No. 

Present study 
Group A 

No. 


No. 


prostheses and reported the means of maximal velocities 
by model and size ranging from <2 to 4 m/s. However, 
in the other previous studies*!*-!> patients with normal- 
ly functioning prostheses may not be distinguished from 
those with depressed or normal LV function. The find- 
ings of this study showed that a depressed LV ejection 
fraction in patients with a normally functioning prosthe- 
sis resulted in corresponding decreases in Doppler-de- 
rived transvalvular hemodynamic measurements. Such 


TABLE Il Comparison of Doppler-Derived Hemodynamic Measurements Between Three Groups of Patients with Normal and 


(24-77) (13-30) (46-180) (0.384—0.912) (62-104) 
B 1 31 16 41 0.836 100 
21 A 10 3447 17 +3 105 + 59 0.424 + 0.085 77+10 
(25—46) (12-22) (36-240) (0.360—0.588) (62-97) 
B 9 27 +7 1444 65 + 28 0.411 + 0.090 91 +21 
C 4 23 +9 12+4 61+ 23 0.440 + 0.100 82 + 23 
23 A 7 30+ 6 154 79 +56 0.452 + 0.070 7049 
(23-39) (11-21) (35-187) (0.391-0.560) (58-84) 
B 3 27+8 13+4 47+ 16 0.458 + 0.050 88 + 18 
C 7 164 8+2 34 + 23 0.349 + 0.070 88 + 18 
25 A 4 21 #3 11+3 58 + 39 0.374 + 0.030 83+ 13 
(18-25) (8-15) (45-98) (0.338—0.400) (67-95) 
B 4 2547 134 69+15 0.386 + 0.060 94+ 14 
C 3 16+5 8+4 31435 0.341 + 0.043 86 + 2.6 
27 A 4 16+3 9+2 73445 0.312 + 0.013 819 
(13-19) (6-11) (28-130) (0.300-0.330) (72-94) 
B 3 23+/7 12+4 35 + 30 0.380 + 0.060 76+5 
C 5 1542 7+0.2 50 + 24 0.304 + 0.050 90 + 10 
29 A 1 12 7 73 0.276 74 
B 1 0.240 


Acc = acceleration; HR = heart rate; MG = mean pressure gradient; PG = peak pressure gradient; VTIlc = corrected velocity time integral. 


VTlc HR 
(beats/min) 


Acc. 
(m/s?) 


0.480 + 0.185 

























an effect became much more significant when the de- 
pressed LV ejection fraction was <0.31. Thus, relatively 
normal measurements of pressure gradients in the pres- 
ence of depressed LV ejection fraction may not rule out 
an abnormally functioning prosthetic aortic valve. 
Relation of Doppler-derived hemodynamic mea- 
surements to prosthetic size: Our data further confirm 
that Doppler-derived peak and mean pressure gradient 
correlated inversely with increasing prosthetic size from 
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21 23 25 27 29 
Prosthetic Valve Size (mm) 


FIGURE 2. Correlation for the peak (A) 
and mean pressure gradient (B) and cor- 
rected velocity time integral (C) with the 
prosthetic valve size is displayed as solid 
line for group A, as long dashed line for 
group B and as short dashed lines for 
group C. Mean + standard deviation of 
each group is indicated at different pros- 
thetic valve size. Measurement from only 
1 patient in group A and B each is dis- 
played as symbol “mean” at the valve size 
of 29 mm. 
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19 to 29 mm. Similar results have been reported by oth- 
ers.®!1213 However, correlation between St. Jude aortic 
valve prosthetic size and the peak and mean gradients 
significantly improved in this study (r = —0.71 and 
—0.41, respectively) compared with the data of Cooper 
et al!? (r = —0.36 and —0.34) and other previous re- 
ports.*!4 In our study, the means and the range of 
Doppler-derived pressure gradients represented not only 
the prosthetic size, but also the LV function. 

Comparing our absolute values of Doppler-derived 
peak and mean pressure gradient with those previously 
reported,>!* we find that peak gradient measurements 
at a given prosthetic size had a meaningful spread relat- 
ing to patients’ LV function (Table IV). Generally, 
peak gradients in our patients with normal LV ejection 
fraction (group A) were a little higher than usually re- 
ported, while those with depressed LV ejection fraction, 
especially in group C, were lower. 

Therefore, these results demonstrate that the indi- 
vidual variability in normal values was significantly in- 
fluenced by such factors as valve size and LV function. 

Limitations: Although the number of patients with 
St. Jude aortic valve prostheses was relatively large in 
this study (especially compared to those previously re- 
ported), it was still a small number to be subdivided into 
multiple groups with different prosthetic size and LV 
ejection fraction. In order to attain a statistically signifi- 
cant level, combined data in adjacent groups and in an 
average prosthetic size were necessary. Although the ef- 
fective prosthetic valve area may be estimated by using 
the continuity equation,'® it was not determined in this 
study due to its retrospective nature. 

Clinical implications: Depressed LV function re- 
sulted in corresponding decreases in Doppler derived 
transvalvular gradients in patients with normally func- 
tioning aortic valve prostheses. In addition to valve size, 
LV function should be considered as another important 
factor in detecting prosthetic valvular flow characteris- 
tics and dysfunction, especially in patients with de- 
pressed LV function and significant valvular stenosis. 
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Training Effects of Long Versus Short Bouts 
of Exercise in Healthy Subjects 


Robert F. DeBusk, MD, Ulf Stenestrand, MD, Mary Sheehan, MSs, and William L. Haskell, PhD 


To evaluate the “‘threshold’’ duration of exercise 


required to produce training effects, 18 healthy 
men aged 51 + 6 years completing 30 minutes of 
exercise training/day were compared with 18 men 
aged 52 + 6 years completing three 10-minute 
bouts of exercise/day, each separated by at least 4 
hours. Exercise training intensity was moderate 
(65 to 75% of peak treadmill heart rate). During 
the 8-week study period VO2 max increased signifi- 
cantly in both groups from 33.3 + 3.2 to 37.9 + 
3.5 ml/kg/min in men performing long exercise 
bouts and from 32.1 + 4.6 to 34.5 + 4.5 mli/kg/ 
min in men performing short exercise bouts (p 
<0.05 within and between groups). Adherence to 
unsupervised exercise training performed at home 
and at work by men in long and short bouts was 
high; total duration of training completed was 96 
and 93% of the prescribed amount and total num- 
ber of sessions completed was 92 and 93% of that 
prescribed, respectively. In both groups exercise 
heart rate measured by a portable microprocessor 
was within or above the prescribed range for 
>85% of the prescribed duration. Thus, multiple 
short bouts of moderate-intensity exercise training 
significantly increase peak oxygen uptake. For 
many individuals short bouts of exercise training 
may fit better into a busy schedule than a single 
long bout. 

(Am J Cardiol 1990;65:1010-1013) 
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ercise conditioning by the American public during 

the past 2 decades appear to be stabilizing or re- 
versing.':? This may reflect in part a perceived or actual 
reduction in leisure time as Americans work longer 
hours or undertake multiple jobs. Lack of time is often 
stated as the reason for nonparticipation in physical ex- 
ercise.? Many individuals believe that physical benefits 
from exercise accrue only with exercise bouts of 220 
minutes, consistent with exercise guidelines developed 
by the American Heart Association.* Shorter bouts are 
perceived by many to be of little value in enhancing 
physical fitness. 

A regimen 220 minutes of relatively intense exercise 
performed 23 times/week is commonly used by re- 
searchers to increase functional capacity.’ However, 
short and long bouts of physical exercise of comparable 
total duration might enhance physical fitness to a simi- 
lar extent. To evaluate the “threshold” of exercise dura- 
tion required to produce training effects we compared 
the effects on functional capacity of a single “long” (30 
minutes) bout of moderate-intensity exercise with 3 
“short” (10 minutes) bouts of moderate-intensity physi- 
cal exercise. 


[ee toward greater participation in physical ex- 


METHODS 

Study population: Forty sedentary healthy men aged 
40 to 60 years employed at the Lockheed Missiles and 
Space Corporation in Sunnyvale, California, were re- 
cruited with a notice in the company newsletter. Medi- 
cal exclusions included heart disease, hypertension, dis- 
orders limiting participants’ ability to perform exercise, 
and smoking. Subjects >25% overweight, based on 
1959 Metropolitan Life Insurance weight tables, were 
excluded.® All subjects had sedentary jobs. In the pre- 
ceding 6 months they had not walked or jogged for >20 
minutes continuously 23 times/week, walked a total of 
60 minutes/day 23 times/week or participated in any 
active sport >1 time/week. 

A pretraining medical examination included record- 
ing of a 12-lead electrocardiogram, body height and 
weight and triplicate measurement of resting blood 
pressure using a Hawksley random zero device. Symp- 
tom-limited treadmill exercise testing was performed 
using a multistage protocol with continuous monitoring 
of the electrocardiogram and oxygen uptake. Workload 
was increased by 2 METs or 2 multiples of resting ener- 
gy consumption every 2 minutes. Oxygen uptake was 
measured using an on-line, computer-based open-circuit 
method. Blood pressure was recorded during the last 30 
seconds of each treadmill workload. This evaluation was 
repeated after 8 weeks of exercise training. 
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After the pretraining treadmill test, subjects were 
randomly assigned to 1 of 2 exercise training groups. 
Twenty subjects were assigned to a single “long” exer- 
cise bout of 30 minutes daily and the other 20 to 3 daily 
“short” exercise bouts of 10 minutes, each separated by 
at least 4 hours. Exercise was performed at home or at 
work by subjects training alone. There was no medical 
supervision. Subjects were instructed in monitoring their 
exercise pulse rate and were provided with an electronic 
heart rate monitor (ExerSentry Model ExIIIA, Com- 
puter Instruments Corp.) to help them to exercise with- 
in their training heart rate range. They were requested 
to make no major changes in their diet. 

Both training regimens consisted of 30 minutes of 
jogging/day at an intensity producing a heart rate 65 to 
75% of the peak heart rate attained during the pretrain- 
ing treadmill exercise test. This corresponded to a range 
from 116 to 133 beats/min. This moderate-intensity 
regimen was chosen beause it minimizes sweating and 
was well received by participants of our previous train- 
ing studies.”* Training occurred 5 days/week over a pe- 
riod of 8 weeks. 

Subjects recorded the adherence to exercise on logs 
which were completed daily and mailed to a project 
staff every 2 weeks. These logs also inquired about the 
following aspects of each exercise bout: heart rate dur- 
ing the last minute; rating of perceived exertion during 
the last minute on a scale from 6 to 209: overall level of 
enjoyment; and level of convenience and whether sweat- 
ing occurred. Responses to continuous variables were 
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pooled across bouts for each individual. Responses to 
the question regarding sweating were pooled for each 
individual. 

A staff member called each participant every 2 
weeks to check on progress, to review the previous log 
and to answer questions. For 2 days on 2 occasions dur- 
ing the 8-week training period, subjects wore a portable 
solid state microcomputer (Vitalog Inc.) connected to 
the chest by electrocardiographic electrodes and con- 
nected to a motion sensor attached to the thigh.!° This 
provided a continuous recording of heart rate and body 
movements throughout the day (Figures 1A and 1B). 
These recordings were analyzed to verify self-reported 
exercise intensity, duration and frequency by methods 
previously described.'° Differences in body weight, rest- 
ing blood pressure and treadmill test variables between 
the 2 groups before and after training were compared 
by 2 sample ¢ tests. A p value of <0.05 was statistically 
significant. 


RESULTS 

No medical complications occurred during exercise 
testing or training. No ischemic treadmill test responses 
were noted. Of the 40 subjects randomized, 36 complet- 
ed the exercise training and the postraining measure- 
ments. Two subjects in each group dropped out because 
they were unable to meet the time requirements of the 
study. 

Subjects completed 38 of 40 assigned long exercise 
bouts (93%) and 112 of 120 assigned short exercise 
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FIGURE 1. A, single long exercise bout. B, 3 short exercise bouts. 
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bouts (93%). The average training heart rate reported 
on the exercise logs by subjects completing long and 
short exercise bouts was 127 + 9 and 124 + 15 beats/ 
min, respectively, corresponding to 71 and 70% of peak 
treadmill heart rate. 

The total duration of short and long bouts completed 
over the 8-week period was 96 and 93% of the 1,200 
minutes prescribed. Exercise heart rate measured by the 
Vitalog was within or above the prescribed range 84% 
of the time for long bouts (Figure 2A) and 86% for 
short bouts (Figure 2B). The average duration of train- 
ing sessions was 31.9 minutes for long bouts and 11.7 
minutes for short bouts. 

Pooled responses to questions regarding the circum- 
stances of each exercise bout in subjects completing 
long and short exercise bouts, respectively, were as fol- 
lows: mean heart rate 127 + 9 versus 124 + 15 (differ- 
ence not significant); rating of perceived exertion 12.2 
+ 1.4 versus 11.2 + 1.6 (difference not significant); 
overall enjoyment scaled 1 to 10 (least to most), 7.3 + 
1.2 versus 7.3 + 1.7; and overall convenience scaled 1 to 
10, 7.3 + 1.2 versus 7.3 + 1.7. Sweating occurred in 


84% of long exercise bouts and in 65% of short bouts 
(difference not significant). 

Maximal oxygen uptake increased 13.9% in the long 
bout group from 33.3 + 3 to 37.7 + 7 ml/kg/min (p 
<0.0001) and 7.6% in the short bout group from 32.1 + 
3.5 to 34.6 + 3.4 ml/kg/min (p = 0.0064). This in- 
crease was significantly (p = 0.03) greater in the long 
bout group. Exercise test duration increased approxi- 
mately 12% in both the long (14.5 + 1.8 to 16.3 + 1.5 
minutes, p <0.01) and the short bout (13.5 + 2.2 to 
14.9 + 2.3 minutes, p <0.01) groups, respectively. The 
peak treadmill heart rate was comparable in both 
groups before and after training; 178 + 12 and 175 + 
10 beats/min, respectively. Heart rate at submaximal 
exercise decreased approximately 6% in both the long 
(122 to 114 beats/min, p <0.001) and the short (128 to 
120 beats/min, p <0.001) groups. No significant 
changes in blood pressure during submaximal or maxi- 
mal exercise occurred in either group. 

Mean pretraining body weight was 81.8 and 84.7 kg 
for long- and short-bout groups, respectively. Decreases 
in weight after training were similar for long- and short- 
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FIGURE 2. A, heart rate (HR) during long 
bouts of exercise. B, heart rate during 
short bouts of exercise. 


ABOVE TARGET HR RANGE 


AVERAGE SESSION DURATION = 11.7 MINUTES 


5 10 15 
MINUTES 





1012 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 


5 
LM i 
4 +. 
é eal Pe 
nae AST l 


bout groups; 1.75 and 1.79 kg, respectively. This is ap- 
proximately the weight loss expected from the increased 
caloric expenditure attributable to exercise. 


DISCUSSION 

The results of this study indicate that multiple short 
bouts of moderate-intensity physical exercise produce 
significant training effects. Multiple short bouts of exer- 
cise increased peak oxygen uptake 57% as much as a 
single long bout of exercise of the same total duration. 
Other indexes of training, including the increase in 
treadmill test duration and the decrease in heart rate at 
submaximal exercise, were similar in both groups. Par- 
ticipants in both groups reported comparable heart rate 
ratings of perceived exertion and ratings of enjoyment 
and convenience of exercise sessions. 

To the best of our knowledge, this is the first study 
that has compared the physiologic effects of exercise 
provided in sessions as brief as 10 minutes to the effects 
of longer bouts of exercise. The solid state microprocess- 
or which we have used to quantitate exercise training in 
previous studies of home-based exercise training!” 
markedly facilitated this study. It would have been im- 
practical for subjects to travel 3 times/day to a research 
or training facility to perform short bouts of exercise. 

The solid state recorder enabled accurate quantita- 
tion of the exercise regimen for both groups. These re- 
cordings corroborated subjects’ reports of an extremely 
high level of adherence to the prescribed regimen. This 
is the latest in a series of studies documenting the effica- 
cy of individually prescribed unsupervised home-based 
exercise training in healthy individuals.7:8-10.11 

The training regimen employed exercise of a lower 
intensity than has been customarily used in studies of 
exercise training,’ i.e., an intensity eliciting a heart rate 
65 to 75% of peak heart rate versus 75 to 85% of peak 
heart rate. Our previous studies conducted in subjects 
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similar to those of the present study have shown a sig- 
nificant physiologic effect of moderate-intensity exercise 
training.”!! Leisure time physical activity exerts impor- 
tant protective effects against ischemic heart disease 
events.!? This protection appears to accrue even with 
moderate exercise; high intensity exercise affords little 
additional benefit.!3 
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The Sleep Electrocardiogram at Extreme 
Altitudes (Operation Everest Il) 


Mark Malconian, DO, Herbert Hultgren, MD, Masao Nitta, MD, James Anholm, MD, 
Charles Houston, MD, and Howard Fails 





To evaluate the effect of sleep at extreme altitudes 
upon heart rate and rhythm, continuous sleep mon- 
itoring was performed in 8 normal young men dur- 
ing a 40-day simulated ascent of Mt. Everest in a 
hypobaric chamber. Recordings were made for 1 
hour before sleep, during sleep and for 1 hour after 
awakening in all subjects at 760 torr (sea level), in 
7 subjects at 390 torr (5,490 m), in 6 at 347 torr 
(6,100 m) and in 4 at 282 torr (7,620 m). The fol- 
lowing results were obtained: periods of sinus 
bradycardia occurred during sleep in all subjects at 
3 altitudes with a mean heart rate of 41 + 0.5 
beats/min compared to a rate of 44 + 2 beats/min 
at sea level; cycling of the heart rate, presumably 
due to periodic breathing, occurred in 14 of 17 
studies at altitude but not at sea level (cycles con- 
sisted of bradycardia [40 beats/min] for 13 sec- 
onds and tachycardia [120 beats/min for 5 sec- 
onds]); and arrhythmias were observed in all sub- 
jects during sleep and consisted of transient 
bradycardia (heart rates as low as 20 beats/min), 
sinus pauses frequently associated with escape 
rhythms and occasional blocked P waves. No ar- 
rhythmias were observed at sea level. Simultaneous 
records of respiration and the electrocardiogram at 
12,500 feet (3,810 m) in 5 other normal subjects 
revealed tachycardia occurring during hyperpnea 
and bradycardia occurring during apnea. Data indi- 
cate that during sleep in normal young subjects at 
high altitude, cycling of the heart rate with periodic 
breathing is common, as are bradyarrhythmias. 
The mechanism of these arrhythmias has yet to be 
defined. 

(Am J Cardiol 1990;65:1014-1020) 
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jects exhibit periodic breathing.'* While many 

observations of this phenomenon have been 
published, little attention has been directed toward the 
associated changes in heart rate and rhythm. Cum- 
mings and Lysgaard? recorded their own cardiac 
rhythm and noted a pronounced cyclic sinus arrhythmia 
and bradycardia during sleep at 16,500 feet (5,033 m). 
During the American Medical Research Expedition to 
Mt. Everest, electrocardiograms recorded during sleep 
at 21,000 feet (6,300 m) in 8 subjects revealed brady- 
cardia, sinus arrhythmia and variations in heart rate 
with periodic breathing.* 

A recent hypobaric chamber study, “Operation Ev- 
erest II,” provided an opportunity to study human phys- 
iologic responses to simulated altitudes up to 29,028 feet 
(8,848 m). During the study healthy male subjects were 
exposed to a gradual reduction in atmospheric pressure 
over a 40-day period using an ascent profile typical of 
an actual Everest climb. Resting electrocardiograms 
were recorded at 5 simulated altitudes including 29,028 
feet. Continuous ambulatory monitoring was performed 
in normal subjects during sleep at sea level and at 3 
altitudes. Similar studies under these controlled condi- 
tions have never been reported before. 


D uring sleep at high altitude, many normal sub- 


METHODS 

Two separate studies were performed. Study A was 
carried out in the hypobaric chamber and study B was 
conducted at the Barcroft Laboratory of the White 
Mountain Research Station in California. The studies 
will be considered separately. 

Study A: Eight healthy male subjects aged 21 to 31 
years began the study after giving informed consent. 
After several days of sea level studies, the subjects en- 
tered a large hypobaric chamber at the United States 
Army Institute of Environmental Medicine in Natick, 
Massachusetts, where they remained for 40 days while 
the chamber was gradually decompressed to a pressure 
of 240 torr, roughly equivalent to the summit of Mt. 
Everest. While in the chamber they had ad libitum ac- 
cess to a nutritionally balanced diet and were able to 
exercise daily on a cycle ergometer, a treadmill or a 
climbing ergometer when not involved in testing. Two 
subjects were removed from the study after acute hyp- 
oxic episodes, 1 at 380 torr and the other at 280 torr. A 
more detailed account of the test subjects and condi- 
tions of exposure has been published.° 

Ambulatory monitoring was performed using a 2- 
channel Del Mar Avionics electrocardiorecorder (model 
445B). Chest electrodes were used with 2 leads record- 


TABLE I Summary of Mean Heart Rates While Awake and 
During Sleep (S) at Sea Level and 3 Simulated Altitudes 


760 Torr 390 Torr 347 Torr 


(6,100 m) 


282 Torr 
(762 m) 


(Sea Level) (5,490 m) 


W S W S W S W S 


85.5 548 102.1 68.3 105 81.7 107 105 
68.1 48 79 58 #76 642 863 737 
44.4 41 42 41 


High rate 

Low rate 

Lowest rate 
High rates and low rates were rates that persisted for >1 minute. Lowest rate is 


lowest transient heart rate with duration <1 minute. 
W = while awake; S = sleep. 


ed. One lead was similar to a right ventricular lead and 
1 was similar to lead Vs. Recordings were made for a 
mean duration of 9 hours. Recordings began in the eve- 
ning approximately 1 hour before retiring and were con- 
tinued in the morning for approximately 1 hour after 
arising. Seven subjects had recordings made at 390 torr 
(5,490 m), 6 had recordings at 347 torr (6,100 m) and 4 
at 282 torr (7,625 m). One subject only had sea level 
(760 torr) recordings. During sleep, the variation in 
heart rate was determined by counting the slowest rate 
that persisted for 21 minute and the most rapid rate 
persisting for 21 minute. The slowest rate consisted of 
slow, transient rates with a duration of <1 minute. The 
cycle length of the heart rate during periodic breathing 
was measured from the duration of the fast and slow 
rates in seconds. 


Heart Rate During Sleep 


Rate/min 


O High rate 
@ Low rate 
4 Lowest rate 


ES SD 


25,000 ft. 
7620 m 


18,000 ft. 
5490 m 


20,000 ft. 
6100 m 





FIGURE 1. Heart rates during sleep at sea level and high alti- 
tude. High rate and low rates were rates that persisted for >1 
minute. Lowest rate is lowest transient heart rate with 
duration <1 minute. SD = standard deviation. 












TABLE Il Incidence of Cycling of the Heart Rate at 3 
Altitudes 


Heart Rate Cycling Incidence 









760 Torr 
(Sea Level) 


390 Torr 
(5,490 m) 


347 Torr 
(6,100 m) 


282 Torr 
(7,620 m) 





Subject 





* 1 subject was recorded only at sea level. 
NR = not recorded. 


Study B: Five normal subjects were evaluated for 2 
successive nights after arrival from sea level to 12,500 
feet (3,810 m) using the same ambulatory monitoring 
method. In addition, during periodic breathing a 2- 
channel direct writing recorder was used, which permit- 


20,000 ft. 
6100 m 


25,000 ft. 
7620 m 


FIGURE 2. Record of cycling of heart rate during periodic 
breathing at 347 torr (6,100 m) (top) and 282 torr (7,620 m) 
(bottom). Heart rate increases from left to right. 
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TABLE Ill Characteristics of Cycle Duration and Heart Rates During Periodic Breathing at 3 Altitudes 
HR HR 


Cycle Fast 


Subject Length(s) Length(s) No. Beats 


390 Torr 
(5,490 m) 


Mean 
347 Torr 
(6,100 m) 


Mean 
282 Torr 
(7,620 m) 


Mean 
Mean total 


Five subjects were studied at 5,490 m and 6,100 m and 4 were studied at 7,620 m 
HR = heart rate. 


ted a simultaneous recording of the electrocardiogram 
and respiratory frequency. Respirations were recorded 
using a flexible rubber tube surrounding the chest and 
connected to a strain gauge to record pressure changes. 
Heart rate and rhythm were evaluated by continuous 
visual inspection of all complexes using a Del Mar Avi- 
onics electrocardioscanner (model 9500). Recordings of 
selected rhythms were made at 25 mm/s for detailed 
analyses. The cycle length of periodic breathing was 
measured from the respiratory tracings. 


RESULTS 
Study A: High and low heart rates occurring for 21 
minute during wakefulness and sleep are listed in Table 


hhh 
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Slow 


(beats /min) Length(s) No. Beats (beats /min) 





I and shown in Figure 1. The lowest transient heart rate 
occurring during sleep is indicated. High and low heart 
rates during wakefulness and sleep increased progres- 
sively with altitude, but the lowest transient heart rate 
attained during sleep did not change with increasing al- 
titude (mean 41.3, 42 and 41 beats/min at the 3 alti- 
tudes). The lowest rate at sea level was 44 beats/min. 

Cyclical changes in heart rate were observed in 5 of 
7 subjects at 390 torr, 5 of 6 at 347 torr and 4 of 4 at 
282 torr, Table II. Cyclic changes were not present dur- 
ing sleep at sea level. A typical example of cycling of 
the heart rate is shown in Figures 2 and 3. The mean 
total cycle length was 17.7 seconds (range 12 to 26). 
The typical cycle consisted of 16 beats at a slow rate 


FIGURE 3. Cycling of heart rate at 347 
torr (6,100 m) in subject B.S. (number 6). 
This recording of an ambulatory monitor- 
ing tape shows fast rate (lower vertical 
lines) and slow rate (taller vertical lines). 
Cycle length is 17.5 seconds. 


———— 


(mean 40 beats/min) followed by a short period of 6 
beats at a faster rate (mean 120 beats/min). Details of 
the cycles are listed in Tables III and IV and shown in 
Figure 4. 

Arrhythmias during sleep consisted of bradyarrhyth- 
mias and ectopic beats (Table V). Bradyarrhythmias 
during sleep at high altitude consisted of the following: 
blocked P waves without preceding PR prolongation; si- 
nus arrest or marked bradycardia with junctional or 
ventricular escape beats; sinus bradycardia up to 24 
beats/min without an escape rhythm; atrioventricular 
dissociation; and idioventricular rhythm. The longest 
sinus arrest was 3.6 seconds. 

No bradyarrhythmias were observed at sea level 
during wakefulness or sleep and none were observed at 
high altitude during wakefulness. 

Ventricular premature beats occurred during wake- 
fulness and sleep at sea level and 390 torr but were ob- 
served only during sleep at 347 and 282 torr. Ventricu- 
lar premature beats were unifocal and no pairs or repet- 
itive forms were observed. A typical bradyarrhythmia is 
shown in Figure 5. No cardiac arrhythmias other than 
sinus arrhythmias were observed in this study at 12,500 
feet. 

Physiologic and clinical observations during sleep 
were made on the same subjects. Compared to sea level 
studies at the 3 simulated altitudes, night time awaken- 
ings increased from 17 to 28 (p <0.05) and rapid eye 
movement sleep decreased from 11 to 4% of sleep time 
(p <0.05). All subjects exhibited periodic breathing at 
the 3 simulated altitudes, which persisted throughout 
most of the night. Periodic breathing occurred with 
each sleep stage including rapid eye movement sleep. 
Inhalation of oxygen or carbon dioxide eliminated the 
apneic periods but did not completely abolish the respi- 
ratory periodicity. Arterial saturations were determined 
during sleep. Mean arterial oxygen saturation decreased 
from 97 + 1% at sea level to 79 + 3% at 429 torr (4,572 
m), 62 + 11% at 347 torr and 52 + 2% at 282 torr. 


rate/min sec. 
62 
68 
75 
83 
94 


FIGURE 4. Changes in beat to beat RR in- 
tervals and heart rate during 3 

cycles at 282 torr (7,620 m). Onset of 
apnea is indicated by vertical arrows. 


TABLE IV Total Cycle Length Determined by the Cardiac 
Rate Changes and by Recording the Respiratory Rhythm 


Cycle Length(s) 
Electrocardiogram 


Cycle Length(s) 


Subject Respiratory Rhythm 


12500 ft 
(3810 m) 


490 Torr 
(5,490 m) 


Mean 
282 Torr 
(7,620 m) 


Recordings of electrocardiogram and respiration were not done simultaneously 
except for the study at 3,810 m. 


There were no differences in saturation between epi- 
sodes of periodic breathing and during normal breath- 
ing.® 
Study B: At 12,500 feet 2 of 5 subjects exhibited 
typical persistent periodic breathing during sleep. Cy- 
cling of the heart rate in each of these subjects was ob- 
served, but the changes in rate were less than those at 
the 3 simulated altitudes in the chamber study. The 
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TABLE V Summary of Sleep Arrhythmias in 7 Subjects at Sea Level and High Altitude 


760 Torr 
Subject Rhythm 


Vent p beat X 1 

AV block (2 to 1) 

Cycling 

Sinus arrest 2.0 s 
With escape beat 
Vent p beat X 1 
Cycling 

AV dissociation 


Cycling 
Sinus bradycardia 


20 beats/min 
Sinus bradycardia 
With escape beat 
Cycling 
Atrial p beat X 8 
Cycling 
Idioventricular 
Rhythm cycling 
Sinus arrest 2.0 s 
With escape beat 
Sinus bradycardia 
With escape beat 
Cycling 
Sinus arrest 3.6 to 2.0s 
With escape beat 
Cycling 


Subject number 5 was studied only at sea level. 
AV = atrioventricular; NR = not recorded; p = premature; vent = ventricular. 


variations were 66 to 48 beats/min and 100 to 79 
beats/min from hyperpnea to apnea, respectively. The 
cycle lengths were longer than those observed in the 
hypobaric chamber study (21 vs 17.7 seconds) and the 
duration of hyperpnea was longer than that of apnea 
(Figure 6). In the hypobaric chamber study the dura- 
tion of hyperpnea was shorter than that of apnea as de- 
termined from the heart rate cycle. Cardiac cycle dura- 
tions are listed in Table III and shown in Figure 4. 


DISCUSSION 

Apneic periods, periodic breathing and episodic arte- 
rial desaturation during sleep at sea level have been de- 
scribed in the sleep apnea syndrome, in pulmonary dis- 
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ease and in normal subjects. In the clinical obstructive 
sleep apnea syndrome, hemodynamic abnormalities and 
disturbances of cardiac rhythm have been observed.”-® 
Hemodynamic changes have consisted of systemic and 
pulmonary hypertension associated with marked hypox- 
emia, hypercapnia and respiratory acidosis. Continuous 
electrocardiographic monitoring has revealed a variety 
of associated cardiac arrhythmias including episodes of 
cardiac arrest, asystoles with a duration of up to 6.4 
seconds, atrioventricular block and ventricular tachy- 
cardia. 

An important feature of the obstructive sleep apnea 
syndrome is the occurrence of cyclic variations in heart 
rate related to periods of apnea, which has been report- 


FIGURE 5. Examples of sinus pause with 
duration of 3.2 seconds followed by nodal 
escape beat during sleep at 282 torr 
(7,620 m). 


u 
HEART RATE 


A 


eS E WN 


' a i 
i 


1018 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 








pee 


FIGURE 6. Record of chest movements 


during periodic breathing at 12,500 feet. 
Complete cycle duration is 21 seconds 
with 12 seconds of respiration and 9 
seconds of apnea. 


ed in a series of 400 patients.’ Periods of apnea were 
associated with a consistent slowing of the heart rate 
followed by an abrupt increase in heart rate during the 
resumption of breathing and arousal. The reported 
heart rate during bradycardia was approximately 50 
beats/min and during tachycardia approximately 100 
beats/min. The cycling was abolished by atropine. Cy- 
cling was not observed in patients with denervated 
transplanted hearts or in patients with automatic neu- 
ropathy or the Shy-Draeger syndrome. In 50 cardiac 
patients without the sleep apnea, no cycling of the heart 
rate was observed. 

Periodic breathing and episodes of marked hypoxe- 
mia have been reported in 22 of 27 patients with ob- 
structive lung disease.'!? Sleep apnea, hypopnea and 
oxygen desaturation have also been reported in normal 
subjects at sea level, a few of which exhibited periodic 
breathing. The apneic episodes were rarely observed in 
women and were most common in obese men.!! No ob- 
servations of cardiac rhythm were made. 

Periodic breathing with or without central apneas is 
a frequent phenomenon in normal subjects at high alti- 
tude occurring largely during sleep, but it may also be 
present during wakefulness. Marked arterial hypoxemia 
may occur during sleep at high altitude and may persist 
for up to 4 weeks after arrival at high altitude.' 

Lahiri et al!? reported studies on 8 acclimatized low- 
landers during sleep at 20,800 feet (6,300 m). Periodic 
breathing was present during 56 to 90% of the study 
period. The mean cycle length was 20 + 2 seconds with 
an apneic duration of 8 + 1 second. Cycling of the heart 
rate occurred during periodic breathing with the highest 
rate at the end of the period of hyperventilation.!>!3 At 
25,000 feet (7,620 m), studies in 4 subjects revealed si- 
nus arrhythmia in 3, atrial premature beats in 2 and 
ventricular premature beats in 1.4 Cummings and Lys- 
gaard? recorded their own electrocardiogram during 
sleep at 16,500 feet and noted a pronounced sinus ar- 
rhythmia with heart rates as low as 33 beats/min. Atri- 
al premature beats and junctional escape beats were 
present.* 
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This study confirms the previous observations of cyc- 
lical variations in heart rate during periodic breathing 
and cardiac arrhythmias during sleep at high altitude. 
Cyclical variations in heart rate with periodic breathing 
occur at altitudes as low as 12,500 feet, but changes in 
heart rate during cycling are less marked than at higher 
altitudes. Cycle lengths become progressively shorter in 
relation to altitude as observed by others.®:!3-!5 Cardiac 
arrhythmias consist largely of supraventricular bra- 
dyarrhythmias and occasionally ventricular premature 
beats. 

The mechanism of the cyclic changes in heart rate 
during periodic breathing as well as the etiology of the 
bradyarrhythmias remains to be determined. A vagal 
mechanism is probably involved since the arrhythmias 
associated with the sleep apnea syndrome at sea level 
are eliminated by atropine.’*.? Bradyarrhythmias dur- 
ing sleep in rats are almost completely eliminated by 
right or left vagotomy.'® Administration of oxygen or 
carbon dioxide eliminates apneas, but not the periodici- 
ty to breathing at high altitude; it presumably does not 
affect the associated cardiac arrhythmias.'2:!3 

These data indicate that electrocardiographic moni- 
toring during sleep at high altitude reveals cycling 
of the heart rate during periodic breathing as well as 
several supraventricular bradyarrhythmias. During pe- 
riodic breathing, acceleration of the heart rate occurs 
during the hyperpneic phase of the cycle and bradycar- 
dia is present during the apneic phase. Total cycle 
lengths become progressively shorter with increasing 
altitude. Arrhythmias consist largely of sinus brady- 
cardia, sinus arrhythmia, junctional escapes and occa- 
sional atrial and ventricular premature beats. The ar- 
thythmias are benign and no sustained arrhythmias 
were observed. 
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fibrin specificity compatible with 
invasive intervention 
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serious. Activase® is contraindicated in patients 
with: active internal bleeding, history of cerebro- 
vascular accident, recent (within two months) 
intracranial or intraspinal surgery or trauma, 
intracranial neoplasm, arteriovenous malfor- 
mation, or aneurysm, known bleeding 

diathesis, severe uncontrolled hypertension. 
(See WARNINGS section of brief summary of 
prescribing information.) 
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2. Mueller HS, Rao AD, Forman SA et al: Thrombolysis in Myocardial 
Infarction (TIMI): Comparative studies of coronary reperfusion and sys- 
temic fibrinolysis with two forms of recombinant tissue-type plasminogen 
activator. J Am Coll Cardiol 1987;10:479-490. 
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A TISSUE PLASMINOGEN ACTIVATOR 


Brief Summary 
Consult full prescribing information before using. 


INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
infarction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
size, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
tive heart failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
soon as possible after the onset of AMI symptoms. 

CONTRAINDICATIONS: Because thrombolytic therapy increases the risk of bleeding, ACTIVASE” 
is contraindicated in the following situations: + Active internal bleeding - History of cerebrovascu- 
lar accident -+ Recent (within two months) intracranial or intraspinal surgery or trauma (see 
wi ay 4 + Intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
diathesis + Severe uncontrolled hypertension. 

WARNINGS: Bleeding The most common complication encountered during ACTIVASE® therapy is 
mira The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 

Concomitant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
occurred one or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur. 
Therefore, thrombolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown and needle puncture). 

Intramuscular injections and nonessential handling of the patient should be avoided during treatment 
with ACTIVASE® Venipunctures should be performed carefully and only as required. 

Should an arterial puncture be necessary during an infusion of ACTIVASE® it is preferable to use an 
upper extremity vessel accessible to manual compression. Pressure should be applied for at least 30 
minutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 

Should serious bleeding (not controllable by local pressure) occur, the infusion of ACTIVASE® and 
any concomitant heparin should be terminated immediately. 

Each patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
pated benefits weighed against potential risks associated with therapy. 

In the following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
against the anticipated benefits: + Recent (within 10 days) major surgery, obstetrical delivery, organ 
biopsy, previous puncture of noncompressible vessels + Cerebrovascular disease + Recent (within 10 
days) gastrointestinal or genitourinary bleeding + Recent (within 10 days) trauma + Hypertension: 
systolic BP=180 mm Hg and/or diastolic BP= 110 mm Hg « High likelihood of left heart thrombus, e.g., 
mitral stenosis with atrial fibrillation + Acute pericarditis + Subacute bacterial endocarditis » Hemostatic 
defects including those secondary to severe hepatic or renal disease « Significant liver dysfunction + 


_ Pregnancy + Diabetic hemorrhagic retinopathy, or other hemorrhagic ophthalmic conditions + Septic 


thrombophlebitis or occluded AV cannula at seriously infected site + Advanced age, i.e., over 75 years 
old + Patients currently receiving oral anticoagulants + Any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 
Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen in the ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
PRECAUTIONS: General Standard management of MI should be implemented concomitantly with 
ACTIVASE® treatment. Noncompressible arterial puncture must be avoided. Arterial and venous punc- 
tures should be minimized. In the event of serious bleeding, ACTIVASE® and heparin should be 
discontinued immediately. Heparin effects can be reversed by protamine. 
Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
occurs, infusion should be discontinued immediately and appropriate therapy initiated. . 

Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaken with caution. 
Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
lytic activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ACTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 


~ analysis. Collection of blood samples in the presence of aprotinin (150-200 units/mL) can to some 


extent mitigate this phenomenon. 
Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied. In 
addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 
may increase the risk of bleeding if administered prior to, during or after ACTIVASE® therapy. 
Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE® to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
bleeding complications, careful monitoring for bleeding is advised, especially at arterial puncture sites. 
Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® It is 
also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
or can affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 
Clearly needed. 
Pediatric Use Safety and effectiveness of ACTIVASE® in children has not been established. 
Carcinogenesis, Mutagenesis, impairment of Fertility Long-term studies in animals have not been 
performed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 
evaluated tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents, were negative. 
Studies to determine mutagenicity (Ames test) and chromosomal aberration assays in human 
lymphocytes were negative at all concentrations tested. Cytotoxicity, as reflected by a decrease 
in mer AER, was evidenced only after prolonged exposure and only at the highest concentra- 
tions tested. 
Nursing Mothers It is not known whether ACTIVASE® is excreted in human milk. Because many 
drugs are excreted in human milk, caution should be exercised when ACTIVASE® is administered to a 
nursing woman. 
ADVERSE REACTIONS: Bleeding The most frequent adverse reaction associated with ACTIVASE® is 
bleeding. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
Categories: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
intracranial sites + Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., 
sites of venous cutdown, arterial puncture, recent surgical intervention). 
The following incidence of significant internal bleeding (estimated as>250 cc blood loss) has been 
reported in studies in over 800 patients treated at all doses: 


Total Dose = 100 mg Total Dose > 100 mg 
gastrointestinal 5% 5% 
genitourinary 4% 4% 
ecchymosis 1% <1% 
retroperitoneal <1% <1% 
epistaxis <1% <1% 
gingival <1% <1% 
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The incidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, is as follows: 





Dose Number of Patients h 
100 mg 3272 0.4 
150 mg 1779 1.3 
1-14 mg/kg 237 0.4 





These data indicate that a dose of 150 mg of ACTIVASE® should not be used because it has been 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind placebo controlled 
trials'7 is not signficantly different in the ACTIVASE® treated patients compared to those treated with - 
placebo (37/3161, 1.2% versus 27/3092, 0.9%, respectively) (p = 0.26). 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitoneal, pericar- 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any concomitant — 
therapy with heparin. 

Fibrin, which is part of the hemostatic plug formed at needle puncture sites, will be lysed during 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleeding sites. 
Allergic Reactions No serious or life-threatening allergic reactions have been reported. Other mild 
hypersensitivity reactions such as urticaria have been observed occasionally. 

Other Adverse Reactions Other adverse reactions have been reported, principally nausea and/or 
vomiting, hypotension, and fever. These reactions are frequent sequelae of MI and may or may not be 
attributable to ACTIVASE® therapy. 


DOSAGE AND ADMINISTRATION: Administer ACTIVASE® as soon as possible after the onset 
of symptoms. 

ACTIVASE® is for intravenous administration only. 

The recommended dose is 100 mg administered as 60 mg (34.8 million IU) in the first hour (of which 
6 to 10 mg is administered as a bolus over the first 1-2 minutes), 20 mg (11.6 million IU) over the second 
hour, and 20 mg (11.6 million IU) over the third hour. For smaller patients (less than 65 kg), a dose of 
1.25 mg/kg administered over 3 hours, as described above, may be used.8 


A DOSE OF 150 MG OF ACTIVASE” SHOULD NOT BE USED BECAUSE IT HAS BEEN ASSOCIATED 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. 

Although the use of anticoagulants and antiplatelet drugs during and following administration of 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered concomi- 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole have been given 
either during and/or following heparin treatment. 

Reconstitution and Dilution DO NOT USE IF VACUUM IS NOT PRESENT. 

ACTIVASE® should be reconstituted by aseptically adding the appropriate volume of the accompany- 
ing Sterile Water for Injection, USP to the vial. It is important that ACTIVASE® be reconstituted only with 
Sterile Water for Injection, USP without preservatives. Do not use Bacteriostatic Water for Injection, 
USP The reconstituted preparation results in a colorless to pale yellow transparent solution containing 
ACTIVASE® 1.0 mg/mL at approximately pH 73. The osmolality of this solution is approximately 
215 mOsm/kg. 

Because ACTIVASE™ contains no antibacterial preservatives, it should be reconstituted immediately 
before use. The solution may be used for intravenous administration within 8 hours following reconsti- 
tution when stored between 2-30°C. Before further dilution or administration, the product should be 
visually inspected for particulate matter and discoloration prior to administration whenever solution and 
container permit. 

ACTIVASE™® is stable for up to 8 hours in these solutions at room temperature. Exposure to light has 
no effect on the stability of these solutions. Excessive agitation during dilution should be avoided: 
mixing should be accomplished with gentle swirling and/or slow inversion. Do not use other infusion 
solutions, e.g., Sterile Water for Injection, USP or preservative-containing solutions for further dilution. 

No other medication should be added to infusion solutions containing ACTIVASE® Any unused 
infusion solution should be discarded. 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20 mg and 50 mg vials 
containing vacuum, each packaged with diluent for reconstitution. 

Storage Store lyophilized ACTIVASE® at controlled room temperature not to exceed 30°C (86°F), or 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. 

Do not use beyond the expiration date stamped on the vial. 

ACTIVASE® Alteplase, recombinant 
Manufactured by 

GENENTECH® INC. 

460 Point San Bruno Blvd. 

South San Francisco, CA 94080 
April, 1989 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 


Both under the care of the same 


physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 





No two are exactly alike. 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 








Angiographic Assessment of Left Ventricular 
Volume, Afterload and Contractile State 
in Normal Children 


Tetsuya Sano, MD, Minoru Ogawa, MD, Kazuhiro Taniguchi, MD, Toru Nakajima, MD, 
Tohru Matsushita, MD, Futoshi Kayatani, MD, Jun Arisawa, MD, Susumu Nakano, MD, 
and Yasunaru Kawashima, MD 


Left ventricular (LV) volume, mass and end-systolic 
stress were determined angiographically in 20 nor- 
mal children aged 3 months to 16 years. LV con- 
tractile state was assessed by the analysis of the 
relation between end-systolic stress and ejection 
phase index or end-systolic volume. The LV volume 
and mass closely correlated with the body surface 
area. The LV mass/end-diastolic volume ratio (0.94 
+ 0.13 g/ml), ejection fraction (0.67 + 0.03) and 
circumferential end-systolic stress (163 + 21 
kdynes/cm?, 165 + 21 g/cm?) remained constant 
despite the extensive increase in LV volume with 
physical growth. In all subjects significant inverse 
correlations were observed between end-systolic 
stress and ejection fraction or mean normalized 
systolic ejection rate. The ratio of the circumferen- 
tial end-systolic stress to end-systolic volume index 
ranged from 5.00 to 12.57 (7.49 + 1.88). The 
ratio inversely correlated with age (r = —0.74, 
p <0.001), indicating that this ratio for estimating 
LV contractility is associated with ventricular size. 
These results suggested that the LV mass in- 
creased adequately in response to the extensive 
increase in LV cavity volume to maintain the end- 
systolic stress during growth in childhood and that 
physiologic cardiac growth was associated with ap- 
propriate hypertrophy with no significant change in 
LV contractile state. 

(Am J Cardiol 1990;65:1021-1025) 


From the Department of Pediatrics, the First Department of Surgery 


and the Department of Radiology, Osaka University Medical School, 
Osaka, Japan. Manuscript received August 9, 1989; revised manuscript 
received and accepted December 14, 1989. 

Address for reprints: Tetsuya Sano, MD, Department of Pediatrics, 
Osaka University Medical School, 1-1-50 Fukushima, Fukushima-ku, 
Osaka 553, Japan. 


ventricular (LV) volume characteristics in both 

the normal heart and various congenital heart dis- 
eases.'-> In these previous studies the LV function has 
been evaluated using ejection phase indexes, which are 
strongly influenced by loading conditions as well as con- 
tractile state. Recently, it has been pointed out that any 
assessment of LV contractile state must account for 
these loading conditions and must analyze the relation 
between afterload and ejection phase indexes. However, 
there are few quantitative data regarding afterload and 
contractile state during growth in normal children.® In 
this study we determined LV volume, mass, ejection 
phase index and- wall stress in normal children of vari- 
ous ages by using biplane cineangiogram and pressure 
measurement. The contractile state in these normal sub- 
jects was, thereby, assessed by the analysis of the rela- 
tion between afterload and either ejection phase index 
or end-systolic volume. 


Te have been many reports regarding left 


METHODS 

Study population: The study group consisted of 20 
children (10 boys, 10 girls) aged 3 months to 16 years 
(mean + standard deviation, 7.8 + 4.7 years). Cardiac 
catheterization was performed to rule out congenital 
heart defects in 18 of these children with a heart mur- 
mur or with an abnormal electrocardiogram and 1 in- 
fant with dyspnea at crying, or to rule out coronary ar- 
tery disease in 1 adolescent with atypical chest pain. 
Echocardiographic investigation was not available for 
12 children before 1982 and the 8 others were not able 
to be diagnosed by this noninvasive device. Informed 
consent to perform catheterization was obtained for 
each child. All children in the study group were thus 
found to have no cardiac abnormalities, normal blood 
pressure and an LV ejection fraction 20.60. 

Cardiac catheterization and ventriculography: All 
children underwent cardiac catheterization and biplane 
35 mm cineangiocardiography (Phillips PolyDiagnost C 
system) under mild sedation (pethidine hydrochloride 
and hydroxyzine). Pressure measurement and ventric- 
ulography were performed under stable hemodynamic 
conditions after sedation. Aortic and LV pressures were 
recorded just before ventriculography through a well- 
flushed fluid-filled catheter connected to a Statham 
strain gauge (P23Db or P23ID). Left ventriculograms 
were filmed in the posteroanterior and lateral projec- 
tions at 60 or 90 frames/s. Immediately after the ven- 
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EJECTION FRACTION 





triculography a steel sphere with a diameter of 30 mm 
was filmed for calibration purposes at the spatial loca- 
tion of the left ventricle. 

Measurements and calculations: The LV cavity 
contours were traced at end-diastole and end-systole 
during a sinus rhythm on the projected cine film. The 
largest ventricular projection was assumed to represent 
the end-diastole and the projection when the aortic 
valve closed was assumed as end-systole. Ventricular 
volumes were calculated using the area-length method 
and corrected using the regression equation for normal 
left ventricle by Dodge et al.’ 


Y=0.89—0.0014X 
(r=—0.81, P<0O.001) 


100 200 
ESSc (kdynes/cm2) 





Y=2.8—0.0032X 
(r=—0.63, P<0O.005) 


100 200 
ESSc (kdynes/cm?) 
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Ejection fraction and mean normalized systolic ejec- 
tion rate corrected for heart rate were then calculated 
as ejection phase indexes. Mean normalized systolic 
ejection rate was computed as ejection fraction divided 
by ejection time corrected for heart rate, which was ob- 
tained after LV ejection time was rate-corrected by di- 
viding by the square root of the RR interval. Both ven- 
tricular ejection time and RR interval were measured 
from the number of frames on the left ventriculogram. 

Ventricular wall thickness was determined as the av- 
erage of 30 to 50 wall thickness measurements of the 
middle third of the lateral LV free wall at end-diastole. 


FIGURE 1. Plot of relation between cir- 
end-systolic stress (ESSc) 
and ejection fraction for 20 normal chil- 
dren with regression line (solid) and 95% 
prediction limit band (dashed line). 


FIGURE 2. Piot of relation between cir- 
cumferential end-systolic stress (ESSc) 
and mean normalized systolic ejection rate 
corrected for heart rate (MNSERc) for 20 
normal children with regression line (solid) 
and 95% prediction limit band (dashed 
line). 
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LV mass was then calculated using a modification! of 
the method of Rackley et al.8 

Circumferential end-systolic stress and meridional 
end-systolic stress were calculated by Mirsky’s formula? 
and expressed as both kdynes/cm? and g/cm2. The end- 
systolic wall thickness was calculated by Hugenholtz’s 
method!” which assumes that LV mass remains con- 
stant during the cardiac cycle. The end-ejection pres- 
sure measured by the dicrotic notch pressure of aortic 
pressure tracing was used as an estimate of the end- 
systolic pressure. 

Statistical analysis: All data are expressed as the 
mean + standard deviation. Linear regression analysis, 
when performed, was calculated by the least square 
method. 


RESULTS 

Left ventricular volume and mass: The LV end-dia- 
stolic volume ranged from 10 to 147 ml and the LV 
end-diastolic volume index also had a broad range from 
33 to 97 ml/m? (mean 70 + 17). The LV end-systolic 
volume ranged from 4 to 54 ml and the LV end-systolic 
volume index ranged from 14 to 33 ml/m? (mean 23 + 
5). The LV mass ranged from 11 to 153 g and the LV 
mass index ranged from 39 to 104 g/m? (mean 66 + 
19). These indexed values of LV volume and mass for 
body surface area all significantly correlated with age. 
The ratio of LV mass to end-diastolic volume ranged 
from 0.72 to 1.19 g/ml (mean 0.94 + 0.13). The ejec- 
tion fraction ranged from 0.60 to 0.74 (mean 0.67 + 
0.03) and mean normalized systolic ejection rate cor- 
rected for heart rate ranged from 2.11 to 2.50 (mean 
2.28 + 0.11). 

Left ventricular wall stress: The circumferential 
end-systolic stress ranged from 121 to 199 kdynes/cm? 
(mean 163 + 21) or 123 to 202 g/cm? (mean 165 + 
21). The meridional end-systolic stress ranged from 56 
to 105 kdynes/cm? (mean 80 + 15) or 57 to 106 g/cm? 
(mean 81 + 15). 


FIGURE 3. Plot of relation between ratio 


kdynes/cm2 


significant 
—0.73, p <0.001). 
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TABLE I Relation Between LV Volume Characteristics and 
Body Surface Area 


X ¥ 


Regression 


Y=73xX!5 
Y=24~x X!4 
Y =69 x x15 


BSA vs LVEDV 
BSA vs LVESV <0.001 
BSA vs LVM <0.001 


BSA = body surface area; LVEDV = left ventricular end-diastolic volume; LVESV = 
left ventricular end-systolic volume; LVM = left ventricular mass. 


<0.001 


Y = 0.23X + 49 

Y = 0.067X + 16 

Y = 0.28X + 40 

Y = 0.00079X + 0.87 
Y = —0.071X + 170 
Y = —0.095X + 88 

Y = 0.00018X + 0.66 


MNSERc Y = 0.00042X + 2.2 


EF = ejection fraction; EDV = end-diastolic volume; ESSc = circumferential end- 
systolic stress (kdynes/cm?); ESSm = meridional end-systolic stress (kdynes /cm2); 
LVEDVI = left ventricular end-diastolic volume index; LVESVI = left ventricular end- 
systolic volume index; LVM = left ventricular mass; LVMI = left ventricular mass index; 
MNSERc = mean normalized systolic ejection rate corrected for heart rate; NS = not 
significant. 


Left ventricular contractile state: In all 20 subjects 
a significant inverse correlation between circumferential 
end-systolic stress (kdynes/cm?) and ejection fraction 
was present; Y = 0.89 — 0.0014X, r = —0.81, p <0.001 
(Figure 1). A significant inverse correlation between 
circumferential end-systolic stress (kdynes/cm2) and 
mean normalized systolic ejection rate was also found; 
Y = 2.8 — 0.0032X, r = —0.63, p <0.005 (Figure 2). 
Similar inverse correlation between meridional end-sys- 
tolic stress (kdynes/cm7) and ejection fraction or mean 
normalized systolic ejection rate was also noted; versus 
ejection fraction Y = 0.82 — 0.0019X, r = —0.85 and p 
<0.001 and versus mean normalized systolic ejection 
rate, Y = 2.6 — 0.0043X, r = —0.62 and p <0.005. 


(r=—0.74, P<0.001) 


100 
AGE (months) 
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The ratio of circumferential end-systolic stress 
(kdynes/cm2) to end-systolic volume index, another in- 
dex for estimating LV contractile function,'':!? ranged 
from 5.00 to 12.57 (mean 7.49 + 1.88) and the ratio of 
meridional end-systolic stress (kdynes/cm7) to end-sys- 
tolic volume index ranged from 2.23 to 7.07 (mean 3.70 
+ 1.21). 

Relation of physical growth to left ventricular vol- 
ume, afterload and contractile state: The LV end-dia- 
stolic volume, end-systolic volume and mass were close- 
ly correlated with body surface area (Table I). The rela- 
tions between the age and variables of LV volume, 
afterload and contractile state were listed in Table II. 
Although the indexed values of LV volume and mass 
for the body surface area all significantly correlated 
with age, the ratio of LV mass to end-diastolic volume, 
afterload indexes and ejection phase indexes were con- 
stant at all ages. On the other hand, both ratios of end- 
systolic stress to end-systolic volume index inversely cor- 
related with the age (months) as follows: ratio of cir- 
cumferential end-systolic stress to end-systolic volume 
index, r = —0.74, p <0.001 (Figure 3); and ratio of 
meridional end-systolic stress to end-systolic volume in- 
dex, r = —0.78, p <0.001. 


DISCUSSION 

Our study included only 1 patient <2 years of age 
and therefore could not assess the LV function in the 
range from the neonate to 2 years, although it is the 
important period as the rapid growth phase during nor- 
mal cardiac growth. This study covered only the age 
ranges between 2 to 14 years and the discussion is there- 
by limited to this age range. 

In this study LV volume and mass data varied wide- 
ly and increased substantially during early childhood to 
adolescence. LV mass increased adequately in response 
to the enlargement of the LV cavity and consequently, 
the ratio of LV mass to end-diastolic volume was rela- 
tively constant within a narrow range. Ejection fraction 
was also constant during cardiac growth. These findings 
are in agreement with those of previous reports.!~> Im- 
portantly, end-systolic stress was constant despite the 
extensive growth of LV volume and mass. This fact in- 
dicates that afterload is also unchanged during normal 
cardiac growth. Moreover, our end-systolic stress data 
in normal children were similar to those in adult sub- 
jects in recent reports.!3-!’ 

The relation between end-systolic stress and either 
ejection phase index or end-systolic volume has been 
used to estimate myocardial contractility of the left ven- 
tricle under chronic pressure or volume overload both in 
adults with valvular heart diseases!!!2!5-17-1? and in 
children with congenital heart defects.'®?°?! In this 
study the end-systolic stress-ejection fraction or mean 
normalized systolic ejection rate relation for normal 
children was almost identical to that in normal adults 
reported in recent papers. These findings may indicate 
that the LV contractile state does not change during the 
physiologic growth from infancy to adulthood. 

Methodologic limitations: There may be some con- 
troversial points in methodology concerning the accura- 
cy of measurements of end-systolic stress. There may be 
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small errors in our stress measurements attributable to 
the use of a fluid-filled catheter system and not simul- 
taneously recording the pressure at ventriculography. 
First, the difference in systolic pressure with a well 
flushed fluid-filled catheter and micromanometer- 
tipped catheter is small?? and the time delay in trans- 
mission of pressure through fluid-filled catheters has 
also been shown to be quite short (about 10 ms).* Sec- 
ond, although our pressure and ventriculographic mea- 
surements were not made simultaneously, it is unlikely 
that systolic pressure significantly changed in the short 
interval between pressure recording and ventriculog- 
raphy. At least, we did not find any significant changes 
in heart rate. Therefore, we concluded that the methods 
that we used to measure the ventricular pressure intro- 
duced no serious error in the estimation of end-systolic 
wall stress. 

Assessment of myocardial contractile state in nor- 
mal children: Our data of the ratio of LV mass to end- 
diastolic volume showed that physiologic cardiac growth 
was accompanied with appropriate hypertrophy. The re- 
sults of stress-ejection phase index relation in this study 
supported the fact that physiologic cardiac growth is not 
associated with a depression of contractile function as 
indicated by Grossman et al.'* In addition, ejection 
phase index was inversely related to end-systolic stress 
but was not related to age, that is, cardiac enlargement. 
These findings suggest that assessment of LV contrac- 
tile state by stress-ejection phase index relation is inde- 
pendent of changes in LV cavity size during cardiac 
growth. On the contrary the ratio of end-systolic stress 
to end-systolic volume index, another index for estimat- 
ing LV contractility, significantly correlated with age. 
This relation may stem mainly from the fact that the 
LV end-systolic volume index was inversely correlated 
with age whereas the end-systolic stress was constant at 
any age. These findings indicate that the ratio of end- 
systolic stress to end-systolic volume index is associated 
with ventricular size. Recent reports!?*> suggest that 
with the stress-volume relation the curve can be shifted 
to the right without depression in LV contractility in 
chronic volume overloaded ventricles. Similar shift of 
the stress-volume curve may also occur in both the 
small and large extremes of the normal LV. In this cir- 
cumstance the ratio of end-systolic stress to end-systolic 
volume index, that is, the slope of the line between zero 
point and end-systolic point, may decrease without any 
changes in LV contractility. Thus, the analysis of end- 
systolic stress-ejection phase index relation may be more 
appropriate than the ratio of end-systolic stress to end- 
systolic volume index when the contractile function 
is estimated in subjects whose ventricular sizes vary 
widely. 
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Effects of Sample Volume Location, 
Imaging View, Heart Rate and Age 
on Tricuspid Velocimetry in Normal Subjects 
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The effects of imaging view and sample volume 
location on tricuspid velocimetry and of heart 
rate and aging on mitral and tricuspid inflow 
were evaluated in 41 normal subjects aged 20 to 
76 years. Pulsed Doppler recordings were obtained 
in the parasternal short-axis, right ventricular in- 
flow and apical 4-chamber views at the level of the 
tricuspid and mitral anuli and 1 cm caudad and 1 
cm cephalad to the tricuspid anulus in the 4-cham- 
ber apical view. The right ventricular filling pattern 
was not affected by imaging view. However, place- 
ment of the sample volume 1 cm cephalad resulted 
in a 16% reduction (p <0.01) in early velocity with 
a 9% increase in atrial filling fraction. Conversely, 
late velocity was 11% higher (p <0.05) at the anu- 
lar level versus the other locations. Right and left 
ventricular filling velocities were modestly related (r 
= 0.50 to 0.63). Relations between age and tricus- 
pid late velocity, velocity ratio and atrial filling frac- 
tion were weaker (r = 0.34 to 0.47; all p <0.05) 
than those between age and mitral variables (r = 
0.59 to 0.74. Also, aging had a greater effect on 
mitral than tricuspid late velocity (i.e., a steeper 
slope; p <0.01). Tricuspid late velocity and atrial 
filling fraction were each modestly inversely related 
to RR interval (r = —0.48, r = —0.54; p <0.01). 

Thus, tricuspid velocity is affected by sample 
volume location, aging and heart rate, but not im- 
aging view. Sample volume location, heart rate and 
age should be considered when evaluating right 
ventricular inflow parameters. 

(Am J Cardiol 1990;65:1026-1030) 
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to be a useful, reproducible measure of diastolic 

function in healthy subjects and in those with 
cardiac disease.!-!? Thus, the development of a consen- 
sus regarding methodology, based on an understanding 
of the influence of imaging view and sample volume lo- 
cation on recorded velocities, is important.!’ Similar 
work should also be done for tricuspid flow velocity 
measures. 

Left ventricular filling abnormalities, similar to 
those seen in patients with cardiac disease, have been 
documented in healthy subjects due to aging and tachy- 
cardia.®™!14-20 If tricuspid flow velocities are similarly af- 
fected, then heart rate and age, as well as imaging view 
and sample volume location, must be considered in es- 
tablishing “normal” values for Doppler indexes of right 
ventricular diastolic performance. The purpose of this 
study is 3-fold: to determine the effects of imaging view 
and sample volume location on tricuspid velocimetry, to 
assess the effects of heart rate and age on tricuspid in- 
flow velocity measures, and to compare the sensitivity of 
right and left ventricular inflow velocities to these physi- 
ologic variables. 


P ulsed Doppler mitral flow velocities have proven 


METHODS 

Study population: Forty-one normal subjects (24 
women, 17 men; aged 20 to 76 years, mean 45) with 
heart rate ranging from 54 to 105 beats/min (mean 70) 
and blood pressure ranging from 104/60 to 160/98 mm 
Hg (mean 126/76) were studied. No subject had histor- 
ical or echocardiographic evidence of significant heart 
disease, and all were in sinus rhythm. 

Six subjects had, at most, mild mitral regurgitation 
and 3 had, at most, mild tricuspid regurgitation, defined 
as holosystolic turbulence detected by pulsed Doppler 
mapping, according to the method of Abbasi et al.?! 
Four subjects had mitral valve prolapse, 2 with associ- 
ated mitral regurgitation, and 1 had isolated tricuspid 
valve prolapse. 

Doppler technique: Two-dimensionally guided 
pulsed Doppler recordings of left and right ventricular 
inflow were obtained during quiet respiration using 
commercially available ultrasonographs and sample vol- 
umes of 5 to 10 mm. Pulsed Doppler recordings of right 
ventricular inflow velocities were recorded from 5 loca- 
tions: the parasternal right ventricular inflow and short- 
axis views and apical 4-chamber view at the level of the 
tricuspid valve anulus, and 1 cm cephalad and 1 cm 
caudad to the tricuspid anulus in the apical 4-chamber 
view (Figure 1). Left ventricular inflow was recorded 


TABLE I Inflow Velocities of the Right and Left Ventricles 


Imaging View 
and SV Location 


Early Inflow 
Velocity (cm/s) 


Left Ventricle 
4-chamber, A 

Right Ventricle 
Apical 4-chamber, RV 
Apical 4-chamber, RA 
Apical 4-chamber, A 
SAX, A 
RVI, A 


* p <0.05 vs RA; ' p <0.01 vs RA; t p <0.01 vs LV: $ p <0.05 vs apical 4-chamber. 


Late Inflow 
Velocity (cm/s) 


Velocity Ratio 
(E/A) 


Atrial Filling 
Fraction 


50 + 20 


29+11% 
29+12 
33411 
32410 
3249 


A = anulus; RA = 1 cm cephalad to tricuspid anulus; RV = 1 cm caudad to tricuspid anulus; RVI = parasternal right ventricular inflow; SAX = parasternal short axis; SV = sample vol- 


ume. 





from the apical 4-chamber view at the level of the mi- 
tral valve anulus. All recordings were obtained with the 
sample volume parallel to assumed flow and with opti- 
mal definition of the spectral envelope. Recordings of 3 
cardiac cycles were digitized and averaged to yield peak 
inflow velocities in early and late diastole, their ratio 
and atrial filling fraction (atrial/total flow velocity inte- 
gral). Data were averaged through the respiratory cycle 
to compensate for respiratory variability. Doppler as- 
sessments of left ventricular filling have been found to 
be comparable to those obtained by angiographic tech- 
niques. 

Interobserver variability was determined by compar- 
ison of pulsed Doppler measurements obtained at repeat 
study by a second observer, which yielded the following 
relation: r = 0,88, standard error of the estimate = 7.68 
cm/s, slope 0.93, intercept 6.22. 

Data analysis: Pulsed Doppler recordings were com- 
pared using the paired Student’s ¢ test with the Bonfer- 
onni correction. Beat to beat variability was assessed by 
the standard deviation of the 3-beat means obtained for 
each imaging view and sample volume location. Rela- 
tions between heart rate, age and right and left ventric- 
ular inflow velocities were assessed by linear regression. 


RESULTS 

Thirty-four subjects had inflow recordings from all 3 
imaging views at the tricuspid anulus. Comparison of 
their right ventricular inflow velocity measurements re- 
vealed that imaging view did not alter early and late 
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FIGURE 1. A, placement of Doppler sample volume in the parasternal right ventricular inflow view at the level of the tricuspid 


inflow velocity measurements, flow velocity ratio or 
atrial filling fraction (Table I). Assessment of the stan- 
dard deviations of right inflow velocity measurements in 
each view showed no differences in beat to beat variabil- 
ity. 

Thirty-six subjects had inflow velocity recordings 
from all 3 sample volume locations in the apical 4- 
chamber view. Placement of the sample volume 1 cm 
caudad (within the right atrium) resulted in an average 
16% (p <0.01) reduction in peak early inflow velocity 
measurements. Late velocity was 11% lower (p <0.05) 
when recorded at either the right atrial or right ventric- 
ular sampling sites. Flow velocity ratio was not affected 
by altering sample volume location. Atrial filling frac- 
tion was 9% greater (p <0.05) using the right atrial 
location as opposed to either the right ventricular or an- 
ular sites. Comparison of the standard deviation of 
mean inflow variables at each location showed no differ- 
ences in beat to beat variability. 

The apical 4-chamber view at the mitral and tricus- 
pid anular levels was used for comparison of left and 
right ventricular inflows. Both early and late mitral in- 
flow velocities were significantly higher (p <0.01), al- 
though flow velocity ratio and atrial filling fraction did 
not differ (Table II). Each of the right ventricular in- 
flow measurements was only modestly related to the 
corresponding left ventricular measure (r = 0.50 to 
0.63) (Figure 2). 

There was no relation between any mitral inflow pa- 
rameter and heart rate. In contrast, tricuspid late veloci- 
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valve anulus. B, placement of the sample volume in the parasternal short-axis view at the level of the tricuspid valve anulus. 
C, placement of the sample volume at the level of the tricuspid and mitral valve anuli and 1 cm cephalad and 1 cm caudad to the 


tricuspid anulus in the apical 4-chamber view. 
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TABLE Ill Inflow Velocity of the Mitral and Tricuspid Valve in 
the Presence of Mitral and Tricuspid Regurgitation 


Early Inflow Late Inflow Velocity Atrial 
Velocity (E) Velocity (A) Ratio Filling 
(cm/s) (cm/s) (E/A) Fraction 


Mitral valve 
-= No regurgitation 56+16 
Mild regurgitation 39+ 10* 
Tricuspid valve 
No regurgitation 38410 Jot i} 1.30.6 
- Mild regurgitation 4349 37+5 1.2+0.2 


* p <0.01 vs no regurgitation. 


54 + 20 
37 +18 


1.1 +0.3 
1.2 +40.3 


ty (A) and atrial filling fraction were each modestly in- 
versely related to RR interval (r = —0.48, r = —0.50 
respectively; both p <0.01) by the following equations: 
A = 0.041 (RR) + 68.112 and atrial filling fraction = 
0.047 (RR) + 0.013. 

Analysis of tricuspid inflow variables revealed weak 
relations over the range studied between age and late 
inflow velocity (r = 0.33, p <0.05), atrial filling fraction 
(r = 0.47, p <0.01) and velocity ratio (r = —0.34, p 
<0.05), but not early inflow velocity (r = 0.08). These 
relations were directionally similar but much stronger 
for mitral inflow measurements (r = 0.61, 0.57 and 


E HEIGHT (cm/sec) 





—0.74, respectively; all p <0.001) (Figure 3). The effect 
of age was more pronounced on mitral than on tricuspid 
late inflow velocities because this relation had a steeper 
slope (p <0.01) (Figure 3A). In contrast, the effect of 
age on tricuspid and mitral flow velocity ratio and atrial 
filling fraction were similar (the regressions had similar 
slopes; Figure 3B and 3C). 


DISCUSSION 

Previous work has shown that the sample volume lo- 
cation is important in measuring left ventricular inflow 
velocities and that heart rate and age affect left ventric- 
ular Doppler indexes.*:!*-?° Our findings reveal that tri- 
cuspid velocimetry is similarly sensitive and that stan- 
dardization of methodology and establishment of accu- 
rate, normal values is necessary. 

Sample volume location, but not imaging view, af- 
fected tricuspid velocimetry. The lower velocities re- 
corded from the right atrial location can be explained 
by the funnel shape of the tricuspid valve orifice. The 
lack of effect on imaging view suggests that the sample 
volume can be positioned parallel to flow in all views 
used. 

Right and left ventricular inflow velocities are influ- 
enced by a large number of characteristics unique to 
each side of the heart including atrial and ventricular 
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FIGURE 2. Relation between right (RV) and left ventricular (LV) inflow measurements. A, velocity of rapid filling or E height. B, 
peak late inflow velocity or A height. C, early to late inflow velocity ratio or E/A. D, atrial filling fraction or AFF. 
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function, atrioventricular valve characteristics, pressure 
gradients, loading conditions as well as the normally 
very different compliances of the 2 chambers.?3-25 
Therefore, it is not surprising that mitral and tricuspid 
inflow velocities are only weakly related. However, the 2 
ventricles share a common wall and pericardial sac such 
that interactions are an important contributor to cardiac 
performance. Thus, the finding of some type of relation 
is to be expected. 

Studies measuring left ventricular Doppler veloci- 
metry have found an increased dependence on atrial 
systole with age as manifested by an increased late in- 
flow velocity, increased atrial filling fraction and de- 
creased flow velocity ratio.*!*+!° These changes resem- 
ble those seen in patients with cardiac diseases associ- 
ated with diastolic impairment*!! and presumably 
reflect the known increase in left ventricular myocardial 
stiffness with aging. Changes in right ventricular Dopp- 
ler velocimetry are directionally similar, suggesting that 


: r= —,34 
p<.05 


: r= —.74 
p<.0001 





FIGURE 3. Relation between age and right (RV) and left (LV) 
inflow velocities. A, peak late inflow velocity or A height. B, 


œ early to late inflow velocity ratio or E/A. C, atrial filling frac- 


tion or AFF. 


age also alters right-sided properties. However, these 
changes are smaller, and therefore have less of a func- 
tional impact, perhaps due to the right ventricle being 
thinner walled and more compliant. Little information 
is available on aging and the right ventricle. Our find- 
ings are important in their suggestion that, over the 
range studied, the right ventricle may become stiffer 
with age, or may reflect left ventricular changes trans- 
mitted via the shared interventricular septum. 

Because our purpose was to define normal values for 
tricuspid velocimetry, patients with heart disease were 
not included, and our findings should be extrapolated 
with caution. Similarly, the small numbers of patients 
with regurgitation precluded examination of its effect 
on inflow velocities. 

Our study has several implications for the recording 
and evaluation of right ventricular inflow velocities. Al- 
though imaging view seems unimportant, sample vol- 
ume location should be standardized and heart rate and 
age considered when evaluating right ventricular inflow. 
Because the mitral anular level has become the accept- 
ed location for measuring left ventricular inflow veloci- 
ty,' the tricuspid anulus is the logical site of choice for 
right ventricular velocimetry. 
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ARMY MEDICINE. BE ALL YOU CAN BE: 


New evidence continues to 
confirm the essential value of 


LANOXIN in CHF. 





































Improved ejection fraction 


In a recent double-blind, placebo-controlled study’ 
in patients with normal sinus rhythm, digoxin pro- 
duced a significant increase in ejection fraction 
compared to captopril (P<.05) and placebo 
(P<.01). By contrast, there was no significant 
difference between captopril and placebo. 


Improvement in ejection fraction represents 
improvement in myocardial contractile perfor- 
mance and better emptying of the left ventricle. 


Percent Improvement in Ejection Fraction* 


mf 


Captopril Placebo 


* Adapted from the Captopril-Digoxin Multicenter Research Group study.’ 
t P<.05 compared to captopril; P<.01 compared to placebo. 


Improved cardiac output 


The positive inotropic effect of digoxin 

(as measured in part by improved cardiac output) 
was associated with improved left ventricular 
(LV) function .* This significant improvement 

in cardiac output was seen in patients at rest as 
well as during exercise. Long-term therapy with 
digoxin contributed to the maintenance of LV 
function as indicated by both a decrease in cardiac 
output when digoxin was stopped and a restoration 
treatment levels with readministration 

the drug. 
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Digoxint 


Improved exercise tolerance 


In anew placebo-controlled study? of CHF patients 
with normal sinus rhythm and on diuretics, exer- 
cise tolerance (treadmill) was improved 14% 
(P<.05) by digoxin. In this study, digoxin pro- 
duced favorable effects on cardiac function beyond 
those of the diuretic alone. Another study* showed 
that digoxin significantly improved exercise toler- 
ance and O, consumption over placebo. In the 
latest digoxin/captopril study, there was no signifi- 
cant statistical difference between the two drugs 
with regard to effects on exercise tolerance and 
functional class. ' 


20 Percent Improvement in Exercise Tolerance* 





Diuretic Baseline 


Digoxin 


* Adapted from DiBianco et al.” 

References: 1. The Captopril-Digoxin Multicenter Research Group: Comparative 
effects of therapy with captopril and digoxin in patients with mild to moderate heart 
failure. JAMA 1988;259:539-544. 2. DiBianco R, Shabetai R, Kostuk W, et al: Oral 
milrinone and digoxin in heart failure: Results of a placebo-controlled, prospective 

trial of each agent and the combination, abstract. Circulation 1987;76(suppl 4):256. 

3. Arnold SB, Byrd RC, Meister W, et al: Long-term digitalis therapy improves left 
ventricular function in heart failure. N Engl J Med 1980;303:1443-1448. 4. Alicandri C, 


Fariello R, Boni E, et al: Comparison of captopril and digoxin in mild to moderate heart 
failure. Postgrad Med J 1986;62(suppl 1):170-175. 


LANOXIN | 
digoxin) Tablets — 

Unique inotropic 

support for 

the failing heart. 


See brief summary of prescribing information on following page. 
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-125 pg (0.125 mg) Scored 1.D. Imprint Y3B (yellow) 
250 ug (0.25 m 5 Scored |.D. Imprint X3A (white) 
Y Scored 1.D. Imprint T9A (green) 


— 500 pg (0.5 mg 
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"Before using Lanoxin Tablets, the physician should be thoroughly familiar with 
K l i l : gnly famitiar 

_ the basic pharmacology of this drug as well as its drug interactions, indications, 
and usage 

DESCRIPTION: Lanoxin is digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having 
in ific effects on the rdium. 
in > gen a myocardium 


Heart Failure: The increased cardiac output resulting from the inotropic action of digoxin ameliorates the distur- 
_ ances characteristic of heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 

- Digoxin is more effective in “low output” (pump) failure than in “high output” heart failure secondary to arteriovenous 
- fistula, anemia, infection or hyperthyroidism. 

_ Digoxin is usually continued after failure is controlled, unless some known precipitating factor is corrected. Studies 
~ have shown, however, that even though hemodynamic effects can be demonstrated in almost all patients, corres- 
_ ponding improvement in the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in 
whom digoxin may be difficult to regulate, or in whom the risk of toxicity may be great (e.g., patients with unstable 
-renal function or whose potassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. If 
_ digoxin is discontinued, the patient should be regularly monitored for clinical evidence of recurrent heart failure. 

S: Digitalis glycosides are contraindicated in ventricular fibrillation. 

untoward effect requiring permanent discontinuation of other digitalis preparations usually 









' Anorexia, nausea, vomiting and arrhythmias may accompany heart failure or may be indications of digitalis 
_ intoxication. Clinical evaluation of the cause of these symptoms should be attempted before further digitalis 
_ administration. In such circumstances determination of the serum digoxin concentration may be an aid in deciding 
whether or not digitalis toxicity is likely to be present. If the possibility of digitalis intoxication cannot be excluded, 
_ cardiac glycosides should be temporarily withheld, if permitted by the 
clinical situation. 
Patients with renal insufficiency require smaller than usual maintenance 
doses of digoxin (see DOSAGE AND ADMINISTRATION section in the com- 
__ plete prescribing information). 
_ Heart failure accompanying acute glomerulonephritis requires extreme care 
in digitalization. Relatively low loading and maintenance doses and concomi- 
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- tantuse of antihypertensive drugs may be necessary and careful monitoring 
is essential. Digoxin should be discontinued as soon as possible. 
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Newborn infants display considerable variability in their tolerance to digox- 


in. Premature and immature infants are particularly sensitive, and dosage 
not only be reduced but must be individualized according to their 

degree of maturity. 

Digitalis glycosides are an important cause of accidental poisoning in 
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_ General: Digoxin toxicity develops more frequently and lasts longer in 
_ patients with renal impairment because of the decreased excretion of digox- 
in. Therefore, it should be anticipated that dosage requirements will be 
eG in ts with moderate to severe renal disease (see DOSAGE 
_ AND ADMINI TION section in the complete prescribing information). 
Because of the prolonged half-life, a longer period of time is required to 
ac an initial or new steady-state concentration in patients with renal 
__ impairment than in patients with normal renal function. 
In patients with hypokalemia, toxicity may occur despite serum digoxin 
concentrations within the “normal range”, because potassium depletion 
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S may also accompany malnutrition, diarrhea, prolonged vomiting, old age and long-standing heart failure. In general, 

_ rapid changes in serum potassium or other electrolytes should be avoided, and intravenous treatment with potassium 
__ should be reserved for special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 

_ BY OVERDOSAGE section). 
cium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in 
odi patients. Hypercalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, 
ee the effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored 
_ to normal. These interactions are related to the fact that calcium affects contractility and excitability of the heart in a 
_ manner similar to digoxin. 

- Hypomagnesemia may predispose to digitalis toxicity. If low magnesium levels are detected in a patient on digoxin, 
` me therapy should be instituted. 

K _Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
Sa intoxication may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
-digoxin clearance and, in the case of quinidine, decreased volume of distribution as well. 

_ Certain antibiotics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut 
_ (see Pharmacokinetics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). 
K Recent studies have shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to 
k cardioinactive reduction products, thereby reducing its bioavailability. Although inactivation of these bacteria by 
-antibiotics is rapid, the serum digoxin concentration will rise at a rate consistent with the elimination half-life of 
_ digoxin. The magnitude of rise in serum digoxin concentration relates to the extent of bacterial inactivation, and may 
f beas much as two-fold in some cases. Patients with acute myocardial infarction or severe pulmonary disease may be 
-unusually sensitive to digoxin-induced disturbances of rhythm. 

_ Atriala associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 

- treat Large doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be 

taken to avoid toxicity if large doses of digoxin are required. In hypothyroidism, the digoxin requirements are 
reduced. Digoxin responses in patients with compensated thyroid disease are normal. 
Reduction of digoxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 
__ arrhythmias, but the physician must consider the consequences of rapid increase in ventricular response to atrial 

_ fibrillation if digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 
_ elective cardioversion should be delayed. If it is not prudent to delay cardioversion, the energy level selected should 
be minimal at first and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 

_ Incomplete AV block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart 
Re block if digoxin is given. } À í 
t= A neon patients with sinus node disease (i.e. Sick Sinus Syndrome), digoxin may worsen sinus bradycardia or sino- 
atria : 
In patients with Wolff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of 
_ impulses through the accessory pathway. This effect may result in extremely rapid ventricular rates and even 
-ventricular fibrillation. 
-Digoxin may worsen the outflow obstruction in patients with idiopathic hypertrophic subaortic stenosis (IHSS). 
-Unless cardiac failure is severe, it is doubtful whether digoxin should be employed. 
Patients with chronic constrictive pericarditis may fail to respond to digoxin. In addition, slowing of the heart rate by 
_ digoxin in some patients may further decrease cardiac output. 
Patients with heart failure from amyloid heart disease or constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 
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IN THE EARLY TREATMENT OF CHF 


poe ® 
Patients with severe carditis, such as carditis associated with rheumatic 
f ‘ante viral myocarditis, are especially sensitive to digoxin-induced distur- 

an of rhythm. 
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Digoxin is not indicated for the treatment of sinus tachycardia unless it is associated with heart failure. 
Digoxin may produce false positive ST-T changes in the electrocardiogram during exercise testing. 
peer a oe of digoxin is extremely painful and offers no advantages unless other routes of administration 
are contraindicated. 
Laboratory Tests: Patients receiving digoxin should have their serum electrolytes and renal function (BUN and/or 
serum creatinine) assessed periodically; the frequency of assessments will depend on the clinical setting. For 
— of serum digoxin concentrations, see DOSAGE AND ADMINISTRATION section in the complete prescribing 
information. 
Drug Interactions: Potassium-depleting corticosteroids and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the intravenous route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the 
implication that digitalis intoxication may result. Certain antibiotics increase digoxin absorption in patients who 
inactivate digoxin by bacterial metabolism in the lower intestine, so that digitalis intoxication may result. Propantheline 
and diphenoxylate, by decreasing gut motility, may increase digoxin absorption. Antacids, kaolin-pectin, sulfasalazine, 
neomycin, cholestyramine and certain anticancer drugs may interfere with intestinal digoxin absorption, resulting in 
unexpectedly low serum concentrations. There have been inconsistent reports regarding the effects of other drugs on 
the serum digoxin concentration. Thyroid administration to a digitalized hypothyroid patient may increase the dose 
requirement of digoxin. Concomitant use of digoxin and sympathomimetics increases the risk of cardiac arrhythmias 
because both enhance ectopic pacemaker activity. Succinylcholine may cause a sudden extrusion of potassium from 
muscle cells, and may thereby cause arrhythmias in digitalized patients. Although B adrenergic blockers or calcium 
channel blockers and digoxin may be useful in combination to control atrial fibrillation, their additive effects on AV node 
conduction can result in complete heart block. 
Due to the considerable variability of these interactions, digoxin dosage should be carefully individualized when 
patients receive coadministered medications. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: There have been no long-term studies performed in animals to 
evaluate carcinogenic potential. 
Pregnancy: Teratogenic Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with 
digoxin. It is also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can affect 
reproduction capacity. Digoxin should be given to a pregnant woman only if clearly needed. 
Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. However, 
the estimated daily dose to a nursing infant will be far below the usual infant maintenance dose. Therefore, this amount 
should have no pharmacologic effect upon the infant. Nevertheless, caution should be exercised when digoxin is 
administered to a nursing woman. 
ADVERSE REACTIONS: The frequency and severity of adverse reactions to digoxin depend on the dose and route of 
administration, as well as on the patient's underlying disease or concomitant therapies (see PRECAUTIONS section). 
The overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them being considered 
serious (one to four percent of patients receiving digoxin). Evidence suggests that the incidence of toxicity has 
decreased since the introduction of the serum digoxin assay and improved 
standardization of digoxin tablets. Cardiac toxicity accounts for about one- 
half, gastrointestinal disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 
Adults: 
Cardiac—Unifocal or multiform ventricular premature contractions, 
especially in bigeminal or trigeminal patterns, are the most common ar- 
rhythmias associated with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may result from digitalis toxicity. Atrioventricular 
(AV) dissociation, accelerated junctional (nodal) rhythm and atrial tachycar- 
dia with block are also common arrhythmias caused by digoxin overdosage. 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. AV 
tees (Wenckebach) of increasing degree may proceed to complete heart 
lock. 
Note: The electrocardiogram is fundamental in determining the presence and 
nature of these cardiac disturbances. Digoxin may also induce other changes 
in the ECG (e.g. PR prolongation, ST depression), which represent digoxin 
effect and may or may not be associated with digitalis toxicity. 
Gastrointestinal—Anorexia, nausea, vomiting and less commonly diarrhea 
are common early symptoms of overdosage. However, uncontrolled heart 
failure may also produce such symptoms. Digitalis toxicity very rarely may 
cause abdominal pain and hemorrhagic necrosis of the intestines. 
CNS—Visual disturbances (blurred or yellow vision), headache, weakness, 
apathy and psychosis can occur. 
Other—Gynecomastia is occasionally observed. 
Infants and Children: Toxicity differs from the adult in a number of respects. 
Anorexia, nausea, vomiting, diarrhea and CNS disturbances may be present 
but are rare as initial symptoms in infants. Cardiac arrhythmias are more 
reliable signs of toxicity. Digoxin in children may produce any arrhythmia. 
The most commonly encountered are conduction disturbances or supra- 
ventricular tachyarrhythmias, such as atrial tachycardia with or without block, and junctional (nodal) tachycardia. 
Ventricular arrhythmias are less common. Sinus bradycardia may also be a sign of impending digoxin intoxication, 
especially in infants, even in the absence of first degree heart block. Any arrhythmia or alteration in cardiac conduction 
that develops in a child taking digoxin should initially be assumed to be a consequence of digoxin intoxication. 
TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: 
Adults: Digoxin should be discontinued until all signs of toxicity are gone. Discontinuation may be all that is necessary if 
toxic manifestations are not severe and appear only near the expected time for maximum effect of the drug. 
Potassium salts are commonly used, particularly if hypokalemia is present. Potassium chloride in divided oral doses 
totaling 3 to 6 grams of the salt (40 to 80 mEq K+) for adults may be given provided renal function is adequate (see 
below for potassium recommendations in Infants and Children). 
When correction of the arrhythmia is urgent and the serum potassium concentration is low or normal, potassium 
should be administered intravenously in 5% dextrose injection. For adults, a total of 40 to 80 mEq (diluted to a 
concentration of 40 mEq per 500 mi) may be given at a rate not exceeding 20 mEq per hour, or slower if limited by pain 
due to local irritation. Additional amounts may be given if the arrhythmia is uncontrolled and potassium well-tolerated. 
ECG monitoring should be performed to watch for any evidence of potassium toxicity (e.g. peaking of T waves) and to 
observe the effect on the arrhythmia. The infusion may be stopped when the desired effect is achieved. 
Note: Potassium should not be used and may be dangerous in heart block due to digoxin, unless primarily related to 
supraventricular tachycardia. 
Other agents that have been used for the treatment of digoxin intoxication include lidocaine, procainamide, propranolol 
and phenytoin, although use of the latter must be considered experimental. In advanced heart block, temporary 
ventricular pacing may be beneficial. Digoxin Immune Fab (Ovine), Digibind®, can be used to reverse potentially life- 
threatening digoxin (or digitoxin) intoxication. Improvement in signs and symptoms of digitalis toxicity usually begins 
within ¥2 hour of Digibind administration. Each 40 mg vial of Digibind will neutralize 0.6 mg of digoxin (which is a usual 
body store of an adequately digitalized 70 kg patient). 
infants and Children: See Adult section for general recommendations for the treatment of arrhythmias produced by 
overdosage and for cautions regarding the use of potassium. 
if a potassium preparation is used to treat toxicity, it may be given orally in divided doses totaling 1 to 1.5 mEq K+ per 
kilogram (kg) body weight (1 gram of potassium chloride contains 13.4 mEq K+). 
When correction of the arrhythmia with potassium is urgent, approximately 0.5 mEq/kg of potassium per hour may be 
given intravenously, with careful ECG monitoring. The intravenous solution of potassium should be dilute enough to 
avoid local irritation; however, especially in infants, care must be taken to avoid intravenous fluid overload. 
ADMINISTRATION: Recommended dosages are average values that may require considerable 
modification because of individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended doses. 
in deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger doses than heart failure. 
2. The body weight of the patient. Doses should be calculated based upon lean or ideal body weight. 
3. The patient's renal function, preferably evaluated on the basis of creatinine clearance. 
4. Age is an important factor in infants and children. 
5. Concomitant disease states, drugs or other factors likely to alter the expected clinical response to digoxin (see 
PRECAUTIONS and Drug Interactions sections). 
Consult complete product information before prescribing. 
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BRIEF REPORTS 


Comparison of Echocardiographic Quantitation of Left Ventricular 
Ejection Fraction to Radionuclide Angiography in Patients with 
Regional Wall Motion Abnormalities 


Glenn Albin, MD, and Peter S. Rahko, MD 


he noninvasive estimation of left ventricular (LV) 
performance is important both in the initial evalua- 
tion of many cardiac patients and as a means of monitor- 
ing their subsequent course. M-mode echocardiography 
was initially used to estimate LV ejection fraction (EF) 
but was substantially limited by its inability to account 
for regional wall motion abnormalities.! Two-dimension- 
al echocardiography assesses LV function tomographi- 
cally and is less restricted by segmental abnormalities. 
Previous studies using 2-dimensional echocardiography 
to assess EF have reported a wide range of results, and 
few have included significant numbers of patients with 
regional wall motion abnormalities.?~4 
This study evaluated the ability of 2-dimensional 
echocardiography to estimate LVEF accurately in pa- 
tients with regional wall motion abnormalities. Specifi- 
cally, EF was determined by 6 different algorithms and 
compared to the EF calculated from equilibrium radio- 
nuclide angiography. Three algorithms used standard 
geometric formulae, and the other 3 used Simpson's 
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rule. Unlike prior studies, we used an off-line analysis 
system that applied Simpson’s rule with 30 slices, as 
opposed to earlier work that used no more than 4 or 5 
slices. It has been previously shown in a dog model that 
the accuracy of Simpson’s rule for calculating LV vol- 
ume increases in proportion to the number of Slices 
used.° 

We studied 49 patients, 38 after acute myocardial 
infarction and 11 with dilated cardiomyopathy, who had 
both 2-dimensional echocardiography and radionuclide 
angiography performed within 48 hours of one another. 
Informed consent was obtained in all patients. The study 
group consisted of 38 men and 11 women, aged 30 to 76 
years (mean 54). All patients were in sinus rhythm. 

Equilibrium radionuclide angiography was per- 
formed at rest in the left anterior oblique projection that 
best displayed the intraventricular septum using a Scin- 
tillation camera with a medium sensitivity parallel hole 
collimator. The LVEF was determined using a semiau- 
tomatic program (Medical Data Systems A’). 

Two-dimensional echocardiograms were obtained 
using a Hewlett-Packard phased array ultrasound im- 
aging system with either a 2.5- or 3.5-MHz transducer. 
Standard parasternal long-axis, short-axis and apical 


Short Axis 


aphic views used for the 3 applications of Simpson’s rule. A, apical 4-chamber view: 


echocardiogr. 
the left ventricle was divided into 30 equal segments along its long-axis. Each segment (D,,) was assumed to be the diameter of a 
circle and the area (A,,) of each was calculated. The volume (L/30 x A,,) of each segment was computed and LV volume obtained 
as the sum of all the segments. B, apical 4 + apical 2 chamber views: the left ventricle was segmented in both views as in the 
apical 4-chamber view alone and the diameters of each segment (D,, d,) were used to calculate the area (A,) of an ellipse. The 
volume of each ellipsoid segment was determined as (L/30 X An), with total volume the sum of the segments. C, apical 4- 
chamber + short axis view: the left ventricle was segmented as in the apical 4-chamber view alone. The area (A) and diameter 
(D,) of the short axis view were calculated by the computer. The area (A,) of each segment was determined using the formula: 
i EA ob The volume was then determined for each segment as (L/30 x An), with the total volume being the sum of 
the segments. 


A = short-axis area; D, = 


diameter in apical 4-chamber view; d,, = diameter in apical 2-chamber view; D, he 


ameter of short-axis view; L = long axis of apical views; SAX = short axis. 
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TABLE I Comparison of Echocardiographic Ejection Fraction to Radionuclide Ejection Fraction 


Standard Error 
of Estimate 


Simpson 4C 

Simpson 4C + SAX 
Ellipsoid single plane 
Ellipsoid biplane 

Bullet 

Simpson apical biplane 
RNA 


Average EF 


AEF 


EF Range (Echo — RNA) p Value* 


-0.44 11.3 
6.6+ 10.5 
0.1 +11.4 
6.1 + 9.6 
70+12.5 
2.0 + 9.8 


All values are percentages, expressed when appropriate as mean + standard deviation. * for AEF. 
AEF = the average of individual differences between echocardiographic- and radionuclide-determined ejection fraction; EF = ejection fraction; r = correlation coefficient; RNA = ra- 


dionuclide angiography; SAX = short-axis view, 4C = apical 4-chamber view. 


4- and 2-chamber views were obtained. The short-axis of 
the left ventricle was recorded at the level of the high 
papillary muscle. All studies were recorded on video 
cassette. 

Using a computer-based video digitizing system (D- 
200, Dextra Medical), end-diastolic and end-systolic 
frames from a representative beat were selected and the 
endocardial outlines were traced. End-diastole was de- 
fined as the frame nearest the peak of the R wave and 
end-systole was taken as the frame with the smallest 
area. The papillary muscles were excluded from the 
outline tracings. 

End-diastolic and end-systolic volumes used for de- 
termination of EF were calculated using 6 algorithms. 
Standard geometric models included the bullet formu- 
la,’ a prolate ellipse in the 4-chamber view? and a bi- 
plane prolate ellipse using the 4-chamber and short-axis 
views.? Simpson’s rule was applied to the 4-chamber 
view alone, the 4-chamber plus apical 2-chamber view 
and the 4-chamber plus short-axis view (Figure 1). The 
echocardiographic EF for each algorithm was calculat- 
ed and compared to the EF determined by radionuclide 
angiography using linear regression. 

The results are presented in Table I. The correlation 
coefficients varied from a low of 0.73 for the bullet 
formula to a high of 0.84 for the apical biplane formula. 
Those formulae incorporating the short-axis view signif- 
icantly overestimated the LVEF. The 3 formulae using 
only apical views did not systematically overestimate the 
LVEF. 

This study demonstrates that 2-dimensional echocar- 
diography can accurately assess LVEF in patients with 
regional and diffuse wall motion abnormalities. Our re- 
sults agree with previous studies in patients with more 
normal ventricles.2~* The apical biplane formula using 
Simpson’s rule is the most accurate of the formulae 
tested. 
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A significant finding is that those formulae using the 
short-axis view consistently overestimated the LVEF. 
This is probably attributable to the fact that such formu- 
lae propagate wall motion in the short-axis view down the 
entire length of the left ventricle, which may be mislead- 
ing in patients with regional wall motion abnormalities. 
As motion at the base of the heart is frequently preserved 
in anterior myocardial infarction and dilated cardiomy- 
opathy, this tends to elevate the LVEF spuriously. Gueret 
et alé demonstrated the importance of using multiple 
short-axis areas when determining EF with Simpson’s 
rule in dogs with LV dyssynergy. However, this approach 
is time-consuming and multiple short-axis views are fre- 
quently difficult to obtain in many patients. The apical 
biplane formula, by measuring LV wall motion down the 
entire length of the LV in orthogonal planes, avoids these 
pitfalls and is able to effectively integrate regional wall 
motion abnormalities into an accurate assessment of 
global LVEF. 


1. Teichholz LE, Kreulen T, Herman MV, Gorlin R. Problems in echocardio- 
graphic volume determinations: echocardiographic-angiographic correlations in 
the presence or absence of asynergy. Am J Cardiol 1976;37:7-11. 

2. Folland ED, Parisi AF, Moynihan PF, Jones DR, Feldman CL, Tow DE. 
Assessment of left ventricular ejection fraction and volumes by real-time, two- 
dimensional echocardiography. A comparison of cineangiographic and radionu- 
clide techniques. Circulation 1979;60:760-766. 

3. Vandenbossche JL, Kramer BL, Massie BM, Morriss DL, Karliner JS. Two- 
dimensional echocardiographic evaluation of the size, function and shape of the 
left ventricle in chronic aortic regurgitation: comparison with radionuclide angiog- 
raphy. JACC 1984;4:1195-1206. 

4. Mercier JC, DiSessa TG, Jarmakani JM, Nakanishi T, Hiraishi S, Isabel- 
Jones J, Friedman WF. Two-dimensional echocardiographic assessment of left 
ventricular volumes and ejection fraction in children. Circulation 1982;65:962- 
969. 

5. Weiss JL, Eaton LW, Kallman CH, Maughan WL. Accuracy of volume 
determination by two-dimensional echocardiography: defining requirements un- 
der controlled conditions in the ejecting canine left ventricle. Circulation 
1983;67:889-895. 

6. Gueret P, Meerbaum S, Wyatt HL, Uchiyama T, Lang TW, Corday E. Two- 
dimensional echocardiographic quantitation of left ventricular volumes and ejec- 
tion fraction. Importance of accounting for dyssynergy in short-axis reconstruc- 
tion models. Circulation 1980;62:1 308-1318. 





Rupture of the Left Ventricular Free Wall During Acute Myocardial 
Infarction Without Hemopericardium 


Wiliam C. Roberts, MD 


upture of the left ventricular free wall is a major 
complication of acute myocardial infarction, and it 
usually leads to hemopericardium with tamponade. Dur- 
ing the last 16 years, 138 patients with left ventricular 
free wall rupture during acute myocardial infarction have 
been studied at necropsy in this laboratory !?: 131 (95%) 
had associated hemopericardium with probable or defi- 
nite tamponade and 7 (5%) had no blood in the pericardi- 
al sac. This report describes certain clinical and morpho- 
logic findings in these 7 patients without hemoperi- 
cardium. 

The 7 patients ranged in age from 46 to 93 years 
(mean 67); 4 were women and 3 were men; 6 were white 
and 1 was black (Table I). Two (nos. 5 and 7) had had 
angina pectoris before the fatal acute myocardial in- 
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farct. None of the 7 had had a previous acute myocardial 

infarction by history, and at necropsy none had a grossly 
visible left ventricular scar. The interval from onset of 
chest pain typical of acute myocardial infarction to 
death was <1 day in 3 patients, 2 days in 1, 4 days in 2, 
and 31 days in 1 patient. Before the fatal cardiac arrest, 
2 patients (nos. 3 and 5) had dyspnea (at rest) and 
hypotension for =1 hour; 1 patient (no. 6) had prolonged 
hypotension, and the other 4 patients had neither dys- 
pnea nor hypotension before the sudden fatal cardiac 
arrest. None of the 7 patients ever had pericardiocen- 
tesis. If cardiac resuscitative efforts were carried out, 
they were apparently of short duration. No patient had 
fractured ribs at necropsy. 

At necropsy, the pericardial sac was devoid of blood 
in all 7 patients. Five patients had small amounts (<30 
ml) of serous fluid in the pericardial sac; 1 patient (no. 3) 
had diffuse fibrinous deposits on the visceral and pari- 
etal pericardia, and | patient (no. 7) had diffuse pericar- 


TABLE I Clinical and Necropsy Findings in 7 Patients With Rupture of the Left Ventricular Free Wall During Acute Myocardial 


Infarction Without Hemopericardium 


Conduction 
Disturbance 
During AMI 


Age (yrs), 


0 

+ (CHB) 
0 

0 

+ (LBBB) 
0 

+ (LBBB) 


Interval (days) 
AMI to Death 


Coronary 
Thrombus 
(Artery) 


Necropsy 
Site of LV 
Rupture 


No. CAs >75% | 
by Plaque 


Anterior 
Posterior 
Posterior 
Anterior 
Posterior 
Posterior 
Anterior 


AMI = acute myocardial infarction; CA = coronary artery; CHB = complete heart block; ECG = electrocardiogram; HW = heart weight; LAD = left anterior descending; LBBB = left 
bundle branch block; LV = left ventricular; P = posterior; R = right; SH = systemic hypertension (by history); + = present; 0 = absent; — = no information available. 


AMI with LVFW 
rupture 








FIGURE 1. Diagram showing transverse sections of the cardiac ventricles with rupture of the left ventricular free wall (LVFW) 


AMI with Junctional 
rupture 


(left) or junctional portion of the ventricular septum (righf) during acute myocardial infarction (AMI) into the epicardial adipose 


tissue without rupture into the pericardial sac. 
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FIGURE 2. (Patient 3, Table I). Transverse section of cardiac 
ventricles showing a posterior wall acute myocardial infarct 
with rupture (arrow) into the epicardial adipose tissue but 
without rupture of the epicardium. VS = ventricular septum. 


dial fibrous adhesions. The hearts in the 3 men weighed 
527 + 68 g, and in the 4 women, 485 + 110 g. The left 
ventricular infarct involved the posterior wall in 4 pa- 
tients and the anterior wall in 3. In all 7 patients the 
subepicardial adipose tissue was excessive (Figures 1 
and 2). In all 7 patients blood had dissected into the 
subepicardial fat but no tears or rupture sites involving 
the epicardium were found. In addition to the left ven- 
tricular free wall rupture in all 7 patients, 2 patients 
(nos. 2 and 6) also had a partially ruptured posterome- 
dial papillary muscle. 

The 4 major epicardial coronary arteries were avail- 
able for examination in 6 patients: a single artery was 
narrowed >75% in cross-sectional area by atherosclerot- 
ic plaque in 3 patients, 2 arteries were so narrowed in 2 
patients, and 3 arteries in 1 patient. In 3 patients, each of 
the 4 major epicardial coronary arteries was divided into 
5-mm segments and a histologic section was prepared 
and examined from each segment. Of the 113 segments 
studied, only 1 was narrowed >95% in cross-sectional 
area by plaque alone; 12 (11%) were narrowed 76 to 
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95%; 47 (42%) were narrowed 51 to 75%; 25 (22%), 26 to 
50%, and 28 (25%), <25%. A thrombus was found in a 
major epicardial coronary artery in 4 patients. 

The presence of fairly large deposits of blood (hema- 
toma) in the subepicardial adipose tissue and a tear in the 
left ventricular myocardial wall in each of the aforemen- 
tioned 7 patients indicate that a through-and-through 
rupture had occurred in the myocardial wall of the left 
ventricle. The absence of blood in the pericardial sac 
indicates that the epicardium had not ruptured. The re- 
sult was a complete myocardial rupture and an incom- 
plete epicardial rupture. In all 7 patients the amount of 
subepicardial adipose tissue was excessive. Had not a lot 
of fat covered portions of ventricular wall, the myocardial 
tear would likely have led to hemopericardium. 

Despite the absence of hemopericardium, each of the 
7 patients had clinical features consistent with a through- 
and-through rupture of both myocardium and epicardi- 
um with fatal hemopericardium and tamponade: 4 had 
sudden fatal cardiac arrest not preceded by shock or 
evidence of congestive heart failure and the other 3 had 
sudden cardiac arrest preceded by failure or hypotension. 

To my knowledge, rupture through the entire thick- 
ness of the myocardial wall of left ventricle during acute 
myocardial infarction unassociated with either hemoperi- 
cardium or false left ventricular aneurysm has been re- 
ported only once previously. Edwards? described “sub- 
total” left ventricular free wall rupture in a 69-year-old 
woman who had severe valvular aortic stenosis and died 7 
days after onset of acute myocardial infarction. 


1. Mann JM, Roberts WC. Rupture of the left ventricular free wall during acute 
myocardial infarction: analysis of 138 necropsy patients and comparison with 50 
necropsy patients with acute myocardial infarction without rupture. Am J Cardiol 
1988;62:847-859. 

2. Reddy SG, Roberts WC. Frequency of rupture of the left ventricular free wall 
or ventricular septum among necropsy cases of fatal acute myocardial infarction 
since introduction of coronary care units. Am J Cardiol 1989;63:906-911. 

3. Edwards JE. An Atlas of Acquired Diseases of the Heart and Great Vessels. 
Volume II. Coronary Arterial Disease, Systemic Hypertension, Myocardiop- 
athies, the Heart in Systemic Disease, and Cor Pulmonale, Acute and Chronic. 
Philadelphia: WB Saunders, 1961:578. 





Usefulness of Right-Sided Cardiac Catheterization During ‘“‘Routine” 


Coronary Angiography 


Alan D. Kogan, MD, Jose Ballesteros, MD, Ahmed U. Jamaluddin, MD, and Alfred J. Anderson, MS 


į n the absence of a specific indication, the performance 
of right-sided cardiac catheterization during coronary 
angiography has always been controversial.! Proponents 
justify it based on the need for a complete cardiac evalua- 
tion in each patient and its “training value,” ? while the 
potential increased morbidity and radiation exposure in- 
volved in the procedure are often cited as factors that 
mitigate against its routine use.’ In this era of medical 
cost containment, the added cost of right-sided heart 
catheters and physicians’ fees further aggravate this con- 
troversy. In a recent series of 219 patients who underwent 
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coronary angiography and right-sided cardiac catheter- 
ization, Shanes et al* argued against its routine use. One 
third of their patients had abnormal right pressures but 
the presence of pulmonary hypertension did not appear to 
influence the diagnosis or therapeutic recommendations. 
These findings and conclusions were contradicted by Bar- 
ron et al, who reported on 2,178 coronary angiography 
patients who had no signs or symptoms of valvular disease 
or congestive heart failure but in whom there was a 14.5% 
incidence of unsuspected and significant abnormalities 
diagnosed by right-sided cardiac catheterization. To 
identify more clearly both the incidence of pulmonary 
hypertension in the catheterization laboratory of a com- 
munity hospital and its possible effect on the treatment 
and mortality rates of patients with symptomatic coro- 
nary artery disease, we undertook the following study. 
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During a recent 18-month period, 3,095 cardiac cath- 
eterizations were performed in the Galvin Heart Center 
of St. Francis Hospital. Of these, 2,582 right-sided car- 
diac catheterizations were performed at the time of left- 
sided heart catheterization and coronary angiography. 
Right-sided heart pressures were measured using a vari- 
ety of right-sided heart catheters, most commonly a 7Fr 
flow-directed catheter, and Spectramed DTX transduc- 
ers. Pressures were recorded and analyzed on a Hewlett- 
Packard catheterization data analysis system. 

All patients undergoing cardiac catheterization and 
cardiac surgery were enrolled in the Milwaukee Cardio- 
vascular Registry.° Following previously established 
guidelines,“ mild, moderate and severe pulmonary hy- 
pertension were defined as pulmonary artery systolic 
pressures of 31 to 40, 41 to 50 and >50 mm Hg, respec- 
tively. 

Not all patients catheterized at our hospital under- 
went cardiac surgery and some patients who had surgery 
were catheterized at other institutions. For the same time 
period, combined surgical and hemodynamic data were 
available for 2,512 patients. Surgical mortality was de- 
fined as peri- or postoperative death occurring before 
hospital discharge. 

The impact of cardiac pressures and of other patient 
parameters on hospital mortality was analyzed using the 
SAS statistical software package. Mean levels of pulmo- 
nary artery systolic pressure, left ventricular end-dia- 
stolic pressure, left ventricular ejection fraction, body 
mass index (weight [in kg] divided by height [in m?]) 
and age were compared using 2-sample t tests. Percent- 
ages for reoperation, left ventricular aneurysm and num- 
ber of vessels with =75% occlusion were compared by 
use of the chi-square test. Significant differences are 
indicated for either the 0.05 or the 0.01 level for 2-tailed 
tests. In addition, pulmonary artery systolic pressure, 
left ventricular end-diastolic pressure and ejection frac- 
tion were divided into 3 levels compared to normal levels. 
The combined predictive power for all of the variables 
was determined using stepwise multiple logistic regres- 
sion with p <0.05 needed for inclusion into the equation. 
The relative risk for the significant variables, from the 
logistic regression, was calculated to quantify the addi- 
tional risk of a hospital death for those patients with 
abnormal levels of each variable. 

Pulmonary hypertension was detected in 1,178 (46%) 
of 2,582 routine right-sided cardiac catheterizations 
performed during coronary angiography (Figure 1). 


normal 


FIGURE 1. Incidence of pulmonary hy- 
pulmo- 54% 


pertension and distribution of 
nary artery systolic pressures in 2,582 
consecutive cardiac catheterizations. 


Total 








No. 

Age (yrs) 

BMI (kg/m?) 

PASP (mm Hg) 

LVEDP (mm Hg) 

LVEF (%) 

LV aneurysm 

Reoperation 

No. of coronary arteries narrowed: 


LVEDP (mm Hg) 
<15 
15 to 24 
>24 
LVEF (%) 


Surgical mortality 
All + data NA mean + standard deviation; all other data are percentages. 
* p <0.05; ' p <0.01. 


BMI = body eas index; LVEDP = left ventricular end-diastolic pressure; LVEF = left 
ventricular ejection fraction; PASP = pulmonary artery systolic pressure. 


Mild pulmonary hypertension occurred in 734 patients 
(62%), moderate in 258 patients (22%) and severe in 186 
patients (16%). 

In the consecutive surgical cohort of 2,512 patients, 
the ratio of men to women was 3.6:1 (Table I). Women 
tended to be slightly older (65 vs 60 years) and have 
slightly higher ejection fractions (64 vs 61%) than men. 

Surgical mortality was significantly higher for wom- 
en (4.7 vs 1.6%, p <0.01). When the listed variables were 
examined separately for women, only the number of 
vessels severely occluded had any significant effect on 
the mortality rate (Table II). 

In men, the pulmonary artery systolic pressure was 
significantly related to mortality with pressures of 28 
and 36 mm Hg in the alive and hospital-death groups (p 
<0.01). The percentage of men with severe pulmonary 
hypertension in the alive and hospital-death groups was 
2 and 16% (p <0.01). In addition, age, ejection fraction 


severe 16% 


wep Y moderate 22% 


mild 62% 


elevated 
46% 


Pulmonary Hypertension 
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Female 


Survived 


No. 

Age (yrs) 

BMI (kg/m?) 

PASP (mm Hg) 

LVEDP (mm Hg) 

LVEF (%) 

LV aneurysm 

Reoperation 

No. of coronary arteries narrowed: 


All + data are mean + standard deviation; all other data are percentages. 
* p <0.05 survived vs died; ' p <0.01 survived vs died. 
Abbreviations as in Table |. 


and the presence of a left ventricular aneurysm were 
significant predictors of hospital mortality in men (Ta- 
ble IT). 

Using multiple logistic analysis, women with 23- 
vessel disease had 3 times the risk of death than women 
with 1- or 2-vessel disease (p <0.01). For men, severe 
pulmonary hypertension was the best predictor of hospi- 
tal mortality. Men with pulmonary artery systolic pres- 
sures >50 mm Hg had a 7 times greater risk of death 
when compared to men with lower pulmonary pressures 
(p <0.001). Age >65 years, presence of a left ventricular 
aneurysm and reoperation each independently increased 
the risk of death with relative risks of 2.0 (p <0.05), 5.0 
(p <0.01) and 4.8 (p <0.01), respectively. 

When men and women were considered together, 
women had a relative mortality risk 2.6 times that of 
men (p <0.01). Also, when genders were combined, se- 
vere pulmonary hypertension was the best predictor of 
hospital death (relative risk = 4.26, p <0.001). 

Our finding—that severe pulmonary hypertension is a 
significant and independent predictor of surgical mortali- 
ty after coronary bypass surgery—is in agreement with 
data of Krumholtz et al.’ In that study the mortality risk 
of bypass patients was increased 6-fold if severe pulmo- 
nary hypertension was present. While the Coronary Ar- 
tery Surgery Study data suggested that chronic lung 
disease may be a risk factor for increased surgical mortal- 
ity, there have been no other reports correlating pulmo- 
nary hypertension to bypass mortality rates. 

Clinical and noninvasive markers of pulmonary hy- 
pertension are notoriously insensitive. Tobias et al? care- 
fully examined the ability to detect significant pulmonary 
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Male 


Survived 





hypertension from the history and physical examination, 
chest x-ray, electrocardiogram, arterial blood gas or he- 
moglobin level, but none of these parameters proved reli- 
able. It thus becomes imperative to determine right-sided 
heart pressures to screen for pulmonary hypertension at 
the time of diagnostic coronary angiography. 

In addition to the important prognostic value of right- 
sided cardiac catheterization during “routine” coronary 
angiography, the training value of this procedure should 
not be overlooked. The Task Force for Training in Cardi- 
ac Catheterization!” recommended that all cardiology 
trainees become proficient in the insertion of pulmonary 
artery catheters and that they must participate in at least 
100 catheterizations. Trainees who plan to pursue careers 
as invasive cardiologists were recommended to partici- 
pate in at least 300 catheterizations. During the course of 
a 3-year cardiology fellowship training program, an insti- 
tution would need to provide 33 or 100 procedures per 
noninvasive or invasive trainee per year to meet these 
recommended goals. A program with 10 trainees would 
need to provide 330 to 3,000 annual procedures. By re- 
stricting the performance of right-sided cardiac catheter- 
ization during coronary angiography to only those pa- 
tients with obvious clinical pulmonary hypertension, 
these training goals would only rarely be met. 
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Electrophysiologic Effects of Oral Theophylline in Sinus Bradycardia 
Paolo Alboni, MD, Paolo Rossi, MD, Benedetto Ratto, MD, Paolo Pedroni, MD, Emilio Gatto, MD, 


and Gian Enrico Antonioli, MD 


(aoe is commonly used in the treatment of 
bronchial obstruction. In experimental studies the 
drug showed positive chronotropic effects.'* During 
long-term therapy, oral theophylline suppressed symp- 
toms in young patients with paroxysmal bradyarrhyth- 
mias*; moreover, it diminished the frequency and severity 
of bradycardia in newborn infants with apnea-bradycar- 
dia.* In some electrophysiologic studies intravenous the- 
ophylline showed improvement in sinus nodal function. 
The mechanism by which the drug exerts positive chrono- 
tropic action is controversial. One study suggests that the 
primary effect of theophylline at therapeutic concentra- 
tions is antagonism of adenosine receptors.® An increase 
in plasma catecholamines in both normal subjects and 
patients with chronic obstructive pulmonary disease has 
also been shown after intravenous administration>; how- 
ever, this investigation, to our knowledge, has not been 
carried out after oral therapy. The present study evalu- 
ates the effects of oral theophylline on sinus nodal func- 
tion in patients with sinus bradycardia, and defines 
whether drug-induced improvement of sinus nodal func- 
tion could be related to direct effects (or effects mediated 
by nonautonomic receptors) or by autonomic actions. 
Electrophysiologic studies were performed in 15 pa- 
tients (ages 67 10 years) with sinus bradycardia (sinus 
rate <50 beats/min not induced by drugs and present 
constantly on several resting electrocardiograms record- 
ed diurnally). Nine patients had organic heart disease (6 
hypertensive cardiovascular disease and 3 coronary ar- 
tery disease) and the remaining 6 did not show signs of 
underlying heart disease. Thirteen patients had dizziness 
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FIGURE 1. Study design. In the first elec- 
trophysiologic study sinus node measure- 
ments were evaluated in the basal state 
and after pharmacologic autonomic block- 
ade. Oral theophylline was administered 
for 9 to 10 days and the electrophysiolog- 
ic study was then repeated with the same 
methods. The overall effects of theophyl- 
line were evaluated by comparing the data 
obtained in the 2 studies in the basal 
state. By comparing those obtained after 
autonomic blockade, the direct actions of 
the drug (or actions mediated by non- 
autonomic receptors) were assessed. 


study 


Autonomic 
blockade 


st 
1 Electrophysiologic 


Basal state 





or syncope and 3 had marked astenia. No patient was 
taking cardioactive medications or drugs known to inter- 
fere with the autonomic system or adenosine metabolism 
(dipyridamole or diazepam). Informed consent was ob- 
tained from each patient. 

To investigate the different modes of action of an 
antiarrhythmic drug in man; 8 we used a protocol that 
we previously adapted (Figure 1). Transesophageal pac- 
ing was used for electrophysiologic investigation. The 
studies were performed in the postabsorptive, nonse- 
dated state. Transesophageal pacing was performed in 
the catheterization room. A quadripolar catheter (Toec 
4) with electrodes spaced at 25 mm was passed through 
the nares into the distal esophagus; the 2 distal poles 
were used for stimulation and the 2 proximal poles for 
recording the atrial electrogram. The catheter was usu- 
ally positioned so that the bipolar electrogram (filtered 
from 1 to 50 Hz) showed the greatest amplitude. Transe- 
sophageal stimulation was performed using a program- 
mable stimulator (Medico 843/C) capable of delivering 
constant current square-wave pulses of 2 to 30 ms in 
duration and 1 to 40 mV. Ten minutes after the introduc- 
tion of the catheter, the mean sinus cycle length (SCL) 
was measured by averaging 10 consecutive sinus cycles. 
The maximum-corrected sinus node recovery time was 
calculated by the method described by Narula et al? 
Total sinoatrial conduction time was estimated by the 
continuous pacing method described by Narula et al.!° 
The pauses after pacing were defined as the interval 
from the last paced beat to the beginning of the succeed- 
ing spontaneous P wave because the esophageal electro- 
gram always followed the beginning of P wave. 

Autonomic blockade was achieved by intravenous 
administration of propranolol 0.2 mg/kg and atropine 


nd 
2 Electrophysiologic 
study 


ORAL THEOPHYLLINE 


Basal state 


> 
OVERALL EFFECTS 


Autonomic 
blockade 


> 
DIRECT EFFECTS (OR EFFECTS MEDIATED 
BY NON AUTONOMIC RECEPTORS) 
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TABLE I Effects of Oral Theophylline on Sinus Nodal Function in the Basal State and After Pharmacologic Autonomic Blockade 


Baseline Theophylline 


Sinus cycle length (ms) 


Mean 
Range 
A+SD(%) 
P value 


1,274 + 151 
1,090-1,670 
=18.6 £18 
<0.01 


1,040 + 276 
500-1,550 


Corrected sinus node recovery time (ms) 


Mean 
Range 

A + SD (%) 
P value 


567 + 348 355 + 130 
100-1,510 140-547 
—23.9 + 34 
<0.01 


Sinoatrial conduction time (ms) 


Mean 
Range 
A + SD (%) 


246 + 111 
100—405 
-15.4419 


Aut Block Theophylline 


1,090 + 224 873 + 185 
534-1,435 530—1,180 
-19.5+ 14 
<0.01 


614 + 235 
250-910 


390 + 184 
110-794 
—35.8+419 
<0.01 


210+ 114 163 + 86 


P value 


Aut = autonomic; SD = standard deviation. 


0.04 mg/kg, as previously described.’* At the end of the 
study the catheter was removed. The predicted intrinsic 
heart rate was estimated for each patient using the linear 
regression equation derived by Jose et al,'' relating in- 
trinsic heart rate to age. Oral theophylline was then 
administered for 9 to 10 days at a dosage of 700 mg daily 
in 2 divided doses using a slow-release tablet (Theolair 
SR 350, Lirca-Synthelabo). Electrophysiologic studies 
were then repeated with the same methods, during the 
basal state and after autonomic blockade. Statistical 
evaluations were performed using the Wilcoxon test (p 
value significant at $0.05). Results are given as mean + 
standard deviation, and are reported in Table I and Fig- 
ure 2. In the basal state theophylline decreased SCL in 
13 of 15 patients (p <0.01); the decrease was 18 + 18%. 
After autonomic blockade theophylline shortened SCL 
in all patients (p <0.01); the decrease was 19.5 + 14%. 
The degree of change induced by the drug on SCL did not 
show significant differences in the basal state and after 





<0.05 


autonomic blockade. The intrinsic heart rate observed!'! 
was normal in 3 patients and abnormal in 12. 

Corrected sinus node recovery time could not be as- 
sessed in 3 patients due to postpacing echo or ectopic 
beats. In the remaining 12 patients, theophylline signifi- 
cantly decreased this time both in the basal state (A%: 24 
+ 34%, p <0.01) and after autonomic blockade (A%; 36 
+ 19%, p <0.01). The degree of change induced by 
theophylline on corrected sinus node recovery time did 
not differ significantly in the basal state and after auto- 
nomic blockade. 

Sinoatrial conduction time could not be assessed in 3 
patients due to the scattering of the postpacing cycle. In 
the remaining 12 patients this time decreased signifi- 
cantly after theophylline administration in the basal 
state (A%: 15 + 19%; p <0.05) and after autonomic 
blockade (A%: 19 + 19%, p <0.01). The degree of 
change induced by the drug on sinoatrial conduction 
time did not show significant differences in the basal 
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FIGURE 2. The effects or oral theophylline (T) on the 
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measures of sinus nodal function in the basal state (BS) 


electrophysiologic 
and after autonomic blockade (AB). The mean + standard deviation are represented by the vertical bars on either side. CSRT = 
corrected sinus node recovery time; SACT = sinoatrial conduction time; SCL = sinus cycle length. 
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state and after autonomic blockade. Theophylline did 
not significantly change systolic and diastolic pressure in 
the basal state or after autonomic blockade. The serum 
theophylline concentrations ranged from 3.7 to 20 ug/ml 
(mean 11.2 + 4). 

Some electrophysiologic studies?> have shown that 
intravenous theophylline improves sinus nodal function. 
To our knowledge, the electrophysiologic effects of the- 
ophylline have not been investigated after oral adminis- 
tration. In the present study we attempted to define (in 
addition to the electrophysiologic effects of oral theophyl- 
line) whether an improvement of sinus nodal function 
could be related to autonomic actions or other types of 
action. In fact, theophylline was shown to competitively 
reverse the negative chronotropic and dromotropic effects 
of adenosine. At therapeutic concentrations this appears 
to be the most important mechanism by which it in- 
creases sinus rate.° !? In addition to antagonism of adeno- 
sine receptors, an adrenergic effect was postulated since 
theophylline inhibits phosphodiesterase, which in turn 
Causes an increase in cyclic adenosine monophosphate 
and can release catecholamines from adrenergic nerve 
terminals and adrenal medulla.'* Some observations sug- 
gest that adrenergic actions appear at serum concentra- 
tions over the therapeutic range.'+!5 However, an in- 
crease in plasma cathecolamines was observed in man 
after intravenous administration of the drug.° A vagolytic 
action of theophylline has also been hypothesized, but not 
demonstrated. Our data show that oral theophylline im- 
proves sinus nodal function in patients with sinus brady- 
cardia. In the basal state it significantly shortened SCL 
by 18%, corrected sinus node recovery time by 24% and 
sinoatrial conduction time by 15%. 

The significant decrease in sinus node measures in- 
duced by theophylline after autonomic blockade ex- 
presses either a direct action of the drug or actions medi- 
ated by nonautonomic receptors; differentiation is not 
possible with the method we used. In contrast, autonomic 
effects did not appear: the percent decrease in SCL, cor- 
rected sinus node recovery time and sinoatrial conduction 
time induced by oral theophylline was very similar in the 
basal state and after autonomic blockade. If adrenergic 


or vagolytic effects were present, the percent decrease in 
sinus node measures would be significantly more marked 
in the basal state than after autonomic blockade. 

We have shown that slow-release theophylline im- 
proves sinus nodal function in patients with sinus brady- 
cardia and this improvement is not related to autonomic 
effects. On the basis of experimental data, it is very likely 
related to antagonism of adenosine receptors. 
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Different Cardiodepressant Potency of Various Calcium Antagonists 


in Human Myocardium 


Michael Böhm, MD, Robert H.G. Schwinger, MD, and Erland Erdmann, MD 


alcium antagonists play an important role in the 

therapy of systemic hypertension! and coronary ar- 
tery disease.” In heart failure, it has been reported that 
calcium antagonists produce beneficial hemodynamic ef- 
fects by reducing afterload.’ These compounds also pro- 
duce negative inotropism, which can be of potential bene- 
fit in coronary artery disease by reducing energy expendi- 
ture of the heart or in hypercontractile states, such as 
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some forms of hypertrophic cardiomyopathy. The thera- 
peutic potential is often limited by their negative inotro- 
pic effects, which, in addition to their vasodilatory prop- 
erties, can lead to severe hypotension. Direct negative 
inotropic effects of calcium antagonists have been studied 
in various laboratory animals and species differences 
were observed.* Hitherto, data on the human heart have 
not been available. This study was performed to compare 
the negative inotropic effects of 1,4 dihydropyridines (ni- 
fedipine, nitrendipine), diltiazem and verapamil on dis- 
eased human myocardium. Isradipine, a new 1,4 dihydro- 
pyridine with supposedly minor negative inotropic ac- 
tions, was also studied. 


THE AMERICAN JOURNAL OF CARDIOLOGY APRIL 15,1990 1039 








TABLE I Negative Inotropic Potency of Calcium Antagonists 
in Human Ventricular Myocardium 


In Vitro ICso 
(umol /liter) 


Isradipine 0.1 (0.04—0.4) 
Nitrendipine 0.4 (0.1-1.1) 
Diltiazem 0.6 (0.2-3.3) 
Nifedipine 0.1 (0.05-0.2) 0.146 
Verapamil 0.6 (0.3-1.2) 0.57 


Data are calculated from measurements published previously,®-® and the mean 
ICso values of the negative inotropic effects of the calcium antagonists in isolated, 
electrically driven papillary muscle strips. Each ICso value was calculated from 5 to 8 
independent experiments. 

The relative potency of each drug was calculated from the therapeutic index of 
verapamil (=1). 

TAPC = therapeutically active plasma concentration. 


Mean TAPC Therapeutic Relative 
(umol/liter) Index Potency 


0.0048 
0.046 
0.196 


Myocardial ventricular tissue was obtained during 
mitral valve replacement surgery in 10 patients with 
combined mitral valve disease (7 predominant mitral 
insufficiency, 3 predominant mitral stenosis). These pa- 
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FIGURE 1. Cumulative concentration-response curves for the 
effects of nifedipine (0.0001 to 100 .mol/lter) and 
diltiazem (0.0001 to 100 mmol/liter) on force of contraction 
of isolated, electrically driven (1 Hz) human papillary muscle 
strips from the hearts of patients with moderate heart 
failure (New York Heart Association class Il to Ill). 

Original recording (A) and a summary of the results (8) 

are shown. Ordinate in B = force of contraction in percent 
of decrease of the initial value. Abscissa = concentration 

of nifedipine and diltiazem (in .mol/liter). Basal force 

of contraction was 2.0 + 0.3 mN (n = 6) for nifedipine 

and 1.8 + 0.3 mN (n = 6) for diltiazem. 
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tients (aged 57 + 6 years) were in New York Heart 
Association class II to III heart failure. Papillary mus- 
cles were dissected, placed in cardioplegic solution (com- 
position in mmol/liter: sodium chloride 15, potassium 
chloride 15, magnesium chloride 4, histidine hydrochlo- 
ride 180, tryptophan 2, mannitol 30, potassium hydro- 
gen oxoglutarate 1) and delivered to the laboratory 
within 10 minutes. Afterwards, papillary muscles were 
split into thin strips (diameter <1 mm) in ice-cold bath- 
ing solution and suspended in organ baths (75 ml) in pre- 
aerated tyrode solution maintained at 37°C. Tyrode so- 
lution was continuously aerated with 95% O and 5% 
CO>. It had the following composition (in mmol/liter) 
sodium chloride 117.8, potassium chloride 5.4, magne- 
sium chloride 1.0, calcium chloride 1.8, sodium hydro- 
gen carbonate 22.6, sodium dihydrogen phosphate 0.42, 
glucose 5.0, ascorbic acid 0.28 and disodium-ethylene- 
dinitrilo-acetate 0.05. The preparations were electrically 
driven using field stimulation (20% above threshold) at 
1 Hz. The preload was 5 mN and was maintained during 
the experiment. There was a decline of force of contrac- 
tion by 25% under basal conditions within 140 minutes. 
Further experimental details are described elsewhere.” 
After mechanical stabilization of the preparations (with- 
in 90 to 120 minutes), increasing concentrations of the 
calcium antagonists were applied cumulatively to the 
organ bath and were present until the negative inotropic 
effect of each concentration reached equilibrium (10 to 
20 minutes). Stock solutions were freshly prepared with 
dimethylsulfoxide (DMSO). Control experiments with 
DMSO were performed in each set of experiments. The 
highest concentration of DMSO was 1.2%; it reduced 
force of contraction by 15% during the time course of the 
experiments. Only 1 concentration-response curve was 
performed in each papillary muscle strip. The drug con- 
centrations producing a 50% decrease in force of con- 
traction (ICso values) were determined graphically in 
each individual experiment. The ICso values are given as 
geometric means with 50% confidence limits. Nifedipine 
and nitrendipine were from Bayer AG, isradipine (PN 
200-110) from Sandoz AG, diltiazem from Goedecke 
AG and verapamil from Knoll AG. The 1,4 dihydropyri- 
dine solutions were protected from light during the ex- 
periments. 

Figure 1A shows representative original tracings il- 
lustrating the negative inotropic effects of nifedipine and 
diltiazem on isolated electrically driven papillary mus- 
cle strips. There was a concentration-dependent decrease 
in force of contraction (Figure 1B). At 100 umoll/liter, 
both calcium antagonists depressed the initial force of 
contraction by about 90% in all preparations. The same 
observations were made with the other calcium antago- 
nists studied (not shown). Table I summarizes the ICso 
values of the negative inotropic effects of the calcium 
antagonists. The differences in potency, as judged from 
the ICso values of the in vitro experiments, were not 
significantly different. There was no difference between 
myocardial preparations from patients with predomi- 
nant mitral stenosis or mitral insufficiency. However, 
when the in vitro potency is related to the active thera- 
peutic plasma concentrations, as judged from the vaso- 
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active concentration observed in humans (Table 1), 
marked differences were detected. The rank order of 
potency to produce negative inotropism was nifedipine = 
verapamil > diltiazem > nitrendipine = isradipine. The 
ICs values, therapeutic index and values for the relative 
negative inotropic potency of the compounds are listed in 
Table I. 

Isolated, electrically driven cardiac preparations pro- 
vide a useful model to measure isometrically the effects of 
calcium antagonists on force of contraction. This is be- 
cause the beating frequency can be kept constant and the 
effects on peripheral circulation, such as pre- or afterload 
reduction, do not influence myocardial function. In vivo 
studies are of limited value in judging the negative inotro- 
pic potency of calcium because the reflectory sympathet- 
ic activation might obscure the direct negative inotropic 
actions. Thus, isolated electrically driven papillary mus- 
cle strips from human hearts are a reliable model to study 
the direct cardiodepressant effects of calcium antagonists 
in human myocardium. The question arises whether the 
effect is different in myocardium from nonfailing, moder- 
ately failing or severely failing hearts. The number of 
calcium channels’ and the positive inotropic effect of 
calcium! are not different in failing and nonfailing myo- 
cardium. Therefore, differences between these groups do 
not necessarily occur. 

The results of this study—obtained in cardiac tissue 
from patients with moderate heart failure—show that all 
compounds reduced force of contraction by >90% versus 
the initial force of contraction. However, any evaluation 
of potentially hazardous negative inotropic effects of 
these agents has to take the active therapeutic plasma 
concentrations (vasoactive concentration) into account. 


The ratio of ICso values and the therapeutically active 
plasma concentration give an estimation of the therapeu- 
tic index and relative negative inotropic potency of each 
agent. Verapamil and nifedipine had the most pro- 
nounced cardiodepressant potency. The negative inotro- 
pic effect of isradipine and nitrendipine had a potency of 
only 0.05 or 0.12 compared to that of verapamil. Diltia- 
zem had a relative potency of 0.4. The data suggest that 
marked differences occur in the cardiodepressant effects 
of different calcium antagonists. The reported rank order 
of potency should be taken into consideration when pa- 
tients with impaired myocardial function are treated with 
calcium antagonists. 
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treptokinase is a commonly used 
thrombolytic agent in the treat- 
ment of acute myocardial infarction 
(AMI).! However, its use has been 





= associated with several adverse ef- 
= fects including hypotension, hemor- 

rhage and allergic reactions.? This 
= report describes an unusual compli- 


cation of intravenous streptokinase 
administration: disseminated choles- 
terol microembolization resulting in 
renal failure and extensive skin ne- 
crosis. 

A 55-year-old woman with long- 
standing systemic hypertension, 
smoking and intermittent claudica- 
tion presented to the hospital with 
chest pain. An electrocardiogram 
was suggestive of AMI and intrave- 
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nous streptokinase was given. With- 
in 1 hour widespread ecchymosis de- 
veloped over her buttocks, perineum 
and lower abdomen. Over several 
days her serum creatinine increased 
to 500 umol/liter and her serum cre- 
atine kinase increased to 2,100 U/ 
liter. The diagnosis was acute renal 
failure secondary to rhabdomyoly- 
sis. She was transferred to another 
hospital where a renal scan showing 
no uptake was performed. Her clini- 
cal condition subsequently improved 
and she was discharged. Five days 
later she was readmitted with ane- 
mia and increasing serum creatinine. 
The MB fraction of creatine kinase 
was elevated and a diagnosis of sub- 
endocardial myocardial infarction 
was made. Her subsequent hospital 
course was complicated by recurrent 
atrial tachyarrhythmia. She was 
then transferred to our institution. 
On arrival she appeared pale and 
had evidence of asterixis. Cardiac 
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examination was unremarkable. 
Epigastric and femoral bruits were — 
detected and peripheral pulses were 
not palpable beyond the femoral 
arteries. There was extensive ecchy- 
mosis over her buttocks, iliac crests 
and lower abdomen. The lesions 
were ulcerated centrally leaving ir- 
regular borders formed by sur- 
rounding eschar (Figure 1). Viola- 
ceous reticular discoloration was 
observed on both legs. Serum creati- 
nine was 693 wmol/liter. Urinalysis 
revealed no eosinophilia. Abdominal 
ultrasound showed a small left kid- 
ney with no evidence of obstructive 
uropathy. She remained in stable 
condition for the subsequent 5 days 
and her atrial tachyarrhythmia was 
controlled with digitalis. However, 
on the sixth day recurrent chest pain 
developed and was followed by 
bradyarrhythmia and electrome- 
chanical dissociation which was un- 
responsive to resuscitative efforts. 
Postmortem examination showed 
severe ulcerating atherosclerosis of — 
the entire abdominal aorta. The 
heart weighed 500 g. Extensive ath- 
erosclerosis involved all 3 coronary 
arteries and areas of old and recent 
infarctions were seen in various re- 
gions of the left ventricle. Micro- 


FIGURE 1. Gross changes in the skin 
after intravenous streptokinase. 
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FIGURE 2. Microscopic changes of the 
kidney 


~~ Scopic examination of various or- 
` gans revealed disseminated systemic 
cholesterol crystal microemboli oc- 
cluding the following: arterioles of 
both kidneys (Figure 2); adrenals; 
spleen, liver; pancreas; submucosa of 
the cecum and rectum; lower verte- 
bral bone marrow; both psoas mus- 
cles; and the right ovary. Due to ex- 
tensive necrotic changes cholesterol 
emboli could not be documented 
with certainty in the skin vessels. 
However, vasculitic changes were 
not observed. 

Biopsy-proven cholesterol crystal 
embolization syndrome after strepto- 
kinase therapy has previously been 
described in 4 patients.>> The syn- 
drome developed in 2 of these pa- 
tients after coronary angiography 
j and intravenous streptokinase thera- 

= py for AMI; it developed in the oth- 
er 2 patients after streptokinase ther- 
apy for venous thrombosis.45 In 1 
patient? livedo reticularis and ecchy- 
motic skin lesions were observed over 
the lower half of the body within 2 
days after streptokinase was given. 





The skin findings from this patient, 
who also had acute renal failure de- 
velop, were comparable to our case. 
The postmortem findings were also 
similar to our case with diffuse cho- 
lesterol crystal deposits found in the 
abdominal organs and tissues of the 
lower body. It is noteworthy that a 
previous report of the experience of a 
large teaching hospital in streptoki- 
nase-treated patients with AMI did 
not reveal clinical or autopsy-con- 
firmed cases of cholesterol embo- 
lism.° Therefore, our case is the first 
report of autopsy-confirmed choles- 
terol embolization syndrome devel- 
oping after the use of intravenous 
streptokinase for treatment of AMI 
in a patient who had not undergone 
angiography. Although a definite 
cause and effect relation between in- 
travenous streptokinase and the de- 
velopment of the syndrome cannot 
be established in our case, the as- 
sociation strongly suggests such a re- 
lation. 

The most likely mechanism of the 
cholesterol embolism syndrome asso- 
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ciated with streptokinase is dissolu- 
tion of cholesterol-containing throm- 
bi resulting in the release of choles- 
terol crystals to the peripheral 
circulation. The clinical presentation 
of our case is remarkable for its ex- 
tent of tissue and organ involvement 
and suggests that patients with gen- 
eralized atherosclerotic vascular dis- 
ease may be at increased risk for de- 
veloping the syndrome after strepto- 
kinase therapy. 
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CASE REPORT 


Left Internal Mammary Artery Occlusion 
After Mastectomy and Radiotherapy 


Claude Hanet, MD, Etienne Marchand, MD, and André Keyeux, MD 


he internal mammary artery is 
considered the best available 
conduit for coronary artery bypass 
surgery.! Indeed, the incidence of 
atherosclerosis of mammary arteries 
is much lower than that of coronary 
arteries;? a routine angiographic 
evaluation before coronary artery by- 
pass surgery is considered useless by 
most cardiac surgeons. We report a 
case of left internal mammary artery 
occlusion diagnosed on a routine an- 
giogram 15 years after a left total 
mastectomy and radiotherapy for 
breast cancer. 
A 47-year-old woman underwent 
a total left mastectomy in 1974 for 
carcinoma of the breast. The entire 
mammary parenchyma including 
the pectoralis fascia was removed 
without excision of the axillary and 
internal mammary lymph nodes. 
One week after surgery, radiation 
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therapy was started. A dose of 3,000 
rads was administered to the thorac- 
ic wall through tangential portals. 
The internal mammary lymphatic 
chains and axilla received an addi- 
tional dose of 5,000 rads and the su- 
praclavicular nodes received 4,600 
rads. No chemotherapeutic agent 
was given. The evolution was event- 
free for 15 years. Recently the pa- 
tient was referred to our center for 
evaluation of chest pain. Coronary 
angiography showed a severe steno- 
sis of the proximal segment of the 
right coronary artery and a nonsig- 
nificant stenotic lesion of the left 
main coronary artery. Routine selec- 
tive angiography of the internal 
mammary arteries performed in the 
perspective of coronary surgery 
showed a proximal occlusion of the 
left artery while the right artery was 
normal (Figure 1). The left subcla- 
vian artery was also normal. The pa- 
tient underwent a successful percu- 
taneous angioplasty of the right cor- 
onary artery. 

High-dose radiation can cause 
damage to the vessels located in the 
field of treatment. Radiation-in- 
duced occlusions of subclavian arter- 


FIGURE 1. Angiograms of the right internal mammary artery (A) and the left 


subclavian artery (B). The left internal mammary (arrow) is occluded close to 
its origin. The right internal mammary artery is normal. 


1044 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 65 





ies have been reported after radio- 
therapy for carcinoma of the 
breast.>-> Radiation to the heart has 
been shown to produce coronary lu- 
minal narrowing, particularly in the 
proximal portion of the major coro- 
nary arteries. Because of its location 
on the posterior surface of the anteri- 
or chest wall, close to the internal 
mammary lymphatic nodes, the in- 
ternal mammary artery is particular- 
ly exposed to radiation in patients 
who are receiving radiotherapy for 
breast cancer. 

Although a true cause and effect 
relation remains difficult to prove, 
the role of radiotherapy as an etiolog- 
ic factor of the arterial occlusion re- 
ported herein appears evident. In- 
deed, the incidence of atherosclerosis 
of the internal mammary artery is 
very low? and no other causative fac- 
tor of arterial damage like intratho- 
racic surgery or severe chest trauma 
could be evidenced in this patient. 
Moreover, the mammary gland rep- 
resents only a small part of the terri- 
tory supplied by the internal mam- 
mary artery, the majority of its 
branches supplying mediastinal 
structures, intercostal and pectoralis 
major muscles. The occlusion of the 
vessel may thus not be considered as 
the normal consequence of an involu- 
tive process resulting from a major 
decrease in flow demand. In this 
case, the delay between irradiation 
and arterial occlusion may not be de- 
termined but vascular alterations are 
typically delayed lesions that may 
appear several months to a few 
years?" after initial exposure. 

This case is the first case reported 
of internal mammary occlusion after 
radiotherapy. The incidence of such 
a complication in patients who re- 
ceived radiation therapy to the chest 
for breast or intrathoracic cancers 
and survived long enough for vascu- 
lar changes to develop after radiation 
may, however, be far from negligible. 
This may have consequences when 
coronary surgery is considered in 
these patients, particularly when sa- 
phenous veins are absent or unsuit- 
able. It seems therefore appropriate 
to evaluate the patency of the inter- 
nal mammary artery by a selective 
angiogram performed at the end of 
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the coronary angiography procedure 
in patients with a history of chest ir- 
radiation who are possible candidates 
for coronary artery bypass surgery. 
Moreover, since the arterial damage 
may appear several years after radia- 
tion exposure and affect long-term 
patency, restraint should be applied 
in using the internal mammary ar- 
tery graft in these patients, even if 
this vessel appears angiographically 


normal, when other conduits are 
available remote from the therapeu- 
tic field of radiation. 
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Successful Palliation of Primary Pulmonary 
Hypertension by Atrial Septostomy 


Mark J. Hausknecht, MD, Ronald E. Sims, MD, Michael R. Nihill, MD, 


and W. Richard Cashion, MD 


rimary pulmonary hypertension 

is an idiopathic disease charac- 
terized by a progressive increase in 
pulmonary vascular resistance with 
consequent pulmonary hypertension, 
right ventricular failure and death.! 
Several series have suggested that 
the findings of right ventricular fail- 
ure manifested by high right ventric- 
ular filling pressures and decreased 
cardiac output imply a poor progno- 
sis with death in less than a year.?3 
We describe a patient who had rapid- 
ly progressive primary pulmonary 
hypertension and hemodynamic pa- 
rameters suggestive of a poor progno- 
sis who underwent successful atrial 
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septostomy with marked clinical im- 
provement. 

A 26-year-old black woman pre- 
sented in November 1987 with a 2- 
month history of progressive dys- 


pnea on exertion and accompanying 
chest tightness. She had never 
smoked cigarettes, had never been 
pregnant and took no medications 
apart from oral contraceptives. The 
blood pressure was 110/70 mm Hg 
and pulse 100 beats/min. She had 
marked elevation of the jugular ve- 
nous pressure with V waves extend- 
ing to the angle of the jaw in the 
sitting position. The lungs were clear 


TABLE I Hemodynamic Effects of Atrial Septostomy 


Right atrial mean 
pressure (mm Hg) 
Left atrial mean 
pressure (mm Hg) 
Right ventricular 
pressure (mm Hg) 
Aortic pressure 


(mm Hg) 
Cardiac index 
(liters /min/m?)* 
Right to left shunt 
(liters /min/m?)t 
Room air arterial blood 
gas pH/pCO2/pO2 
(% saturation) 


7.43/28/75 (95) 


Post 


3.2 
ES 


7.45/26/41 (79) 


* Cardiac output determined by Fick's method. 
t Determined by the proportion of mixed venous blood (saturation 35%) and left 
atrial blood (saturation 93%) resulting in a femoral artery saturation of 65%. 
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BALLOON DEFLATION 





FIGURE 5 Missi oh Nacsa EERO RRRS R Goal When the balloon is inflated (closing the atrial septal 
defect) the aortic pressure falls, when the balloon is deflated 
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FIGURE 2. Color Doppler image taken 
from the apical 4-chamber view during 
atrial mechanical systole. Note the trans- 
septal flow from the right atrium (RA) to 
left atrium (LA). LV = left ventricle; RV 
= right ventricle. 


to auscultation. A loud pulmonic Sz 
was present, but no precordial mur- 
murs were heard. The lower legs 
were edematous. The chest x-ray 
showed a normal sized heart with 
some prominence of the right heart 
border. The electrocardiogram 
showed a right atrial enlargement 
and right ventricular hypertrophy 
and strain. Her echocardiogram 
showed marked right ventricular en- 
largement with septal motion consis- 
tent with pulmonary hypertension 
and pulmonary artery systolic pres- 
sures of 80 mm Hg by Doppler. A 
ventilation perfusion lung scan was 
normal. Right-sided heart catheter- 
ization demonstrated marked pul- 
monary hypertension, a diminished 
cardiac index and high right atrial 
pressure. We attempted to reduce 
the pulmonary vascular resistance 


by administration of oxygen and ni- 
fedipine without change in the pul- 
monary artery pressure. 

She was treated with captopril 
and discharged, but returned in Jan- 
uary 1988 with hypotension, syncope 
and worsened right-sided heart fail- 
ure. The hypotension forced discon- 
tinuation of any diuretic and vasodi- 
lator therapy. Based on her dire clin- 
ical situation and the fact that 
heart-lung transplantation was not 
imminent, we performed an atrial 
septostomy. Informed consent was 
obtained from the patient and fami- 
ly. In the catheterization laboratory 
sheaths were placed in both femoral 
veins and a femoral artery. Her 
baseline hemodynamic parameters 
were unchanged from her previous 
catheterization. During attempts to 
measure a pulmonary artery wedge 
pressure, marked hypotension was 
provoked with systolic blood pres- 
sure falling to 60 to 80 mm Hg, but 
volume infusion and dopamine suc- 
cessfully maintained her blood pres- 
sure. We used a Brockenbrough nee- 
dle and catheter to puncture the atri- 
al septum and introduce a guidewire 
into the left atrium. Over this, a 12 X 
40 mm Mansfield balloon was then 
advanced into the atrial septum and 
inflated twice to pressures of 4 at- 
mospheres for 15 to 30 seconds each. 

The first dilatation was effective 
in restoring the patient’s blood pres- 
sure. Arterial pressure tracings tak- 
en during the second balloon infla- 
tion in the atrial septum are shown in 
Figure 1. The hemodynamic param- 
eters before and after atrial septos- 
tomy are listed in Table I. 

The patient tolerated the proce- 
dure well and after the creation of 
the defect, her requirement for vol- 
ume infusion and dopamine ceased. 
After the procedure, the patient be- 
gan a spontaneous diuresis and had 
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no recurrence of syncopal episodes. 
She was given coumadin to prevent 
paradoxical emboli. Postprocedure 
echocardiography with Doppler 
(Figure 2) showed a clear jet in dias- 
tole from the right atrium to the left 
atrium. 

It is now >1 year after this proce- 
dure and the patient has markedly 
improved exercise tolerance. Subse- 
quent Doppler echocardiography 
shows systolic pulmonary artery 
pressures of 80 mm Hg with a per- 
sistent right to left atrial shunt. The 
arterial oxygen tensions remain be- 
tween 50 and 55 mm Hg. 

This case demonstrates that an 
atrial septal defect can be safely cre- 
ated in primary pulmonary hyperten- 
sion with improvement in the pa- 
tient’s condition. This technique is 
appealing because it simultaneously 
decompresses the right ventricle and 
increases left ventricular filling, thus 
restoring cardiac output. These ef- 
fects occur at the expense of arterial 
desaturation, which could result in a 
marked reduction in tissue oxygen- 
ation and may have contributed to 
the demise of a previous patient 
treated with this method.* By start- 
ing with small sized balloons, the size 
of the defect can be controlled with 
appropriate reductions in arterial 
oxygen saturations. Further trials are 
needed to clarify the role of this pro- 
cedure in primary pulmonary hyper- 
tension. 
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Capsules For oral use 
MECHANISM OF ACTION: CARDENE is a calcium 


entry blocker which inhibits the transmembrane influx of 
calcium ions into cardiac muscle and smooth muscle with- 
out changing serum calcium concentrations. The contrac- 
tile processes of cardiac muscle and vascular smooth 
muscle are dependent upon the movement of extracellular 
calcium ions into these cells through specific ion channels. 
The effects of CARDENE are more selective to vascular 
smooth muscle than cardiac muscle. In animal models, 
CARDENE produces relaxation of coronary vascular smooth 
muscle at drug levels which cause little or no negative 
inotropic effect. 


CONTRAINDICATIONS: Patients with hypersensitivity 
to the drug. Because part of the effect of CARDENE is 
secondary to reduced afterload, the drug is also contrain- 
dicated in patients with advanced aortic stenosis. 


WARNINGS: Increased Angina: About 7% of patients in 
short term placebo-controlled angina trials have developed 
increased frequency, duration or severity of angina on start- 
ing CARDENE or at the time of dosage increases, compared 
with 4% of patients on placebo. Comparisons with beta- 
blockers also show a greater frequency of increased angina, 
4% vs 1%. The mechanism of this effect has not been 
established. (See ADVERSE REACTIONS.) 


Use in Patients with Congestive Heart Failure: Although 
preliminary hemodynamic studies in patients with conges- 
tive heart failure have shown that CARDENE reduced afterload 
without impairing myocardial contractility, it has a negative 
inotropic effect in vitro and in some patients. Caution should 
be exercised when using the drug in congestive heart failure 
patients, particularly in combination with a beta-blocker. 


Beta-Blocker Withdrawal: CARDENE is not a beta- 

blocker and gives no protection against the dangers of 
abrupt beta-blocker withdrawal; any such withdrawal should 
be by gradual reduction of the dose of beta-blocker, prefer- 
ably over 8-10 days. 


PRECAUTIONS: General: Blood Pressure: 

Careful monitoring of blood pressure during the initial 
administration and titration of CARDENE is suggested. 
CARDENE may occasionally produce symptomatic hypo- 
tension. Caution is advised to avoid systemic hypotension 
when administering the drug to patients who have sus- 
tained an acute cerebral infarction or hemorrhage. Because 
of prominent effects at the time of peak blood levels, initial 
titration should be performed with measurements of blood 
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having impaired liver function or reduced hepatic blood 
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life (19 hours) of CARDENE. 


Use in patients with impaired renal function: Mean plasma 
concentrations, AUC, and Cmax were approximately 2-fold 
higher in hypertensive mildly renally impaired patients 
treated with CARDENE than in healthy controls. Doses in 
these patients must be adjusted. 


Drug Interactions: Cimetidine: Cimetidine increases 
CARDENE plasma levels. Patients receiving the two drugs 
concomitantly should be carefully monitored. 


Digoxin: Some calcium blockers may increase the concen- 
tration of digitalis preparations in the blood. CARDENE 
usually does not alter the plasma levels of digoxin, however, 
serum digoxin levels should be evaluated after concomitant 
therapy with CARDENE is initiated. 


Maalox: Co-administration of Maalox TC had no effect on 
CARDENE absorption. 
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during fentanyl anesthesia with concomitant use of a beta- 
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be required if such an interaction were to occur. 
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and cyclosporine results in elevated plasma cyclosporine 
levels. Plasma concentrations of cyclosporine should 
therefore be closely monitored, and its dosage reduced 
accordingly, in patients treated with nicardipine. 
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istered at doses of 10, 20 and 30 mg TID, suggesting that the 
pharmacokinetics of CARDENE are similar in young and 
elderly hypertensive patients. No significant differences in 
responses to CARDENE have been observed in elderly 
patients and the general adult population of patients who 
participated in clinical studies. 
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dosage adjustment. Peak responses were not observed to 
be associated with adverse effects during clinical trials, but 
physicians should be aware that adverse effects associated 
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block, cerebral ischemia and ventricular tachycardia. It is 
possible that some of these events were drug-related. 
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edema, abnormal dreams, dry mouth, nocturia, rash and 
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READERS’ COMMENTS 
Stepwise Transgression 


The documentation manual! for one of 
the most highly regarded software imple- 
mentations of stepwise regression analysis 
contains the following “Note of Caution”: 


Stepwise variable selection can 
potentially be abused. When many 
variables are being examined, step- 
wise methods can easily find signifi- 
cant factors even when no real associ- 
ations with the dependent variable 
exist.... In general, if there are m 
observations for the least frequent 
category of a binary response vari- 
able, you should not examine more 
than m/10 variables in order to de- 
rive a model that is somewhat reli- 
able. 


Two recent studies failed to heed this 
scrap of stepwisdom.?» In each, the inves- 
tigators examined a large number of can- 
didate variables relative to a small num- 
ber of outcomes (Table I). This transgres- 
sion materially degrades the reliability of 
the resultant conclusions in several ways. 
First, there is a high probability that vari- 
ables identified as “important” by step- 
wise regression are not really the impor- 
tant ones.*-° Second, there is a high prob- 
ability that the resultant model is 
overfitted to the particular population 
from which it derives, and that it will 
thereby perform poorly in prospective ap- 
plication. 

A striking illustration of such overfit- 
ting is provided in the analysis of an old 
industrial quality control problem.’ The 
engineers performing this analysis first 
identified 16 factors they considered to be 
potential determinants of quality for the 
production process they were studying. 
They expressed each of these factors as a 
continuous variable, along with its recip- 
rocal, its square and the reciprocal of its 
square, and then performed a stepwise re- 
gression analysis using the 64 raw and de- 
rived variables as input, and the observed 
service life for 22 production batches as 
outcome. The resultant model explained 
80% of the variance in service life. How- 
ever, when the engineers verified their re- 
sults by repeating the analysis on a set of 
data generated completely at random, the 
new model—based on 21 of the 64 ficti- 
tious variables—explained 99.9969% of 
the variance. 

Actually, this isn’t really all that sur- 
prising. 





Stepwise Regression 


Patients 


Stuckey? 68 
Rogers? 218 68 
Rogers? 135 41* 











TABLE I Patients, Outcomes and Candidate Variables in 


Outcomes 


* This value is estimated from the overall outcome frequency (68 of 218 = 31% 
f the total number of angiographic candidate variables was not reported. 


[W]e can usually devise a model that 
will fit the data perfectly; but in gen- 
eral we will find that in doing so we 
have invoked as many structures... 
in the model as we have data points 
.... In the process, the model-fitting 
has succeeded brilliantly at a techni- 
cal level but has failed totally in the 
scientific endeavor. ... We have re- 
placed a set of twenty data by an 
equation containing twenty parame- 
ters. 
George A. Diamond, mp 
Los Angeles, California 
10 April 1989 
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Doppler Measurement of 
Posterior Left Ventricular Wall 


Velocity 


It has been stated that the half-life of 
medical knowledge is 6 years and that 
consequently references to publications 
>3 half-lives may be unfashionable. 
However, the statement by Isaaz et al! 
that “no attempt has been made to ana- 
lyze these low Doppler shift frequencies 
produced by the moving heart wall” re- 
minded me of an article I published only 
17 years ago.? The reference is easily 
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retrievable from the National Library 

of Medicine’s database by entering the 

words Doppler and wall. The fact that the 

velocities obtained in the 2 reports are ina 

similar range proves the French saying 

that the more things change, the more 
they stay the same. 

John B. Kostis, mp 

New Brunswick, New Jersey 

7 July 1989 
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Comparison of Standard 12- 
Lead and Modified Exercise 
Electrocardiograms 


We were interested in the article by Se- 
villa et al! comparing the standard 12- 
lead with the exercise electrocardiogram, 
and pleased to see that their conclusions 
are essentially identical to ours.? We have 
also reported that the widely used Mason- 
Likar exercise lead system? and the stan- 
dard 12-lead electrocardiogram are not 
“essentially identical” as was originally 
claimed and that movement of the limb 
electrodes onto the torso, as is necessary 
for exercise stress testing, so distorts the 
“inferior” leads that they no longer reflect 
the inferior cardiac surface in isolation.* 
In fact, further work from our depart- 
ment, as yet unpublished, suggests that 
the so-called “inferior” leads of the exer- 
cise electrocardiogram are more “anteri- 
or” than “inferior.” We agree that the 
exercise electrocardiogram should be 
identified as being recorded from torso- 
based limb electrode locations, either by 
being labeled “modified” as we suggested, 
or “torso-based” as suggested by Sevilla 
et al, so that changes in the inferior leads 
of such a recording are not necessarily 
taken to imply disease on the inferior car- 
diac surface. 

We would like to point out that the tor- 
so locations used by Sevilla et al are not 
those originally described by Mason and 
Likar; nor did other workers such as Dia- 
mond, Rautaharju,° Gamble’ and their 
co-workers, quoted by Sevilla et al in their 
article, use the prescribed Mason-Likar 
torso electrode locations. Kleiner et al? 
are the only investigators who used the 
prescribed Mason-Likar locations; each 
group used their own modifications. In a 
small survey of British centers we found a 
wide variation in the location of the torso- 
based limb electrodes and the same proba- 
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bly applies to the United States. There is 
thus no uniformity in the torso location of 
the limb electrodes for exercise stress test- 
ing. We suggest that there should be since 
as early as 1930 Wilson? showed that 
moving the limb electrodes onto the torso 
distorts the electrocardiogram. In 1949 he 
wrote, “it should be pointed out that 
whereas the exact location of the limb 
electrodes are a matter of no importance, 
the position of the electrodes on the trunk 
must be determined with considerable 
precision if consistent results are to be ob- 
tained in experiments on different sub- 
forts. |” 

We have studied the effect of using 4 
different torso locations for the left leg 
electrode, keeping the arm electrodes in 
their respective infraclavicular fossae, 
and found that each produced a different 
electrocardiogram, with R-wave ampli- 
tude in the “inferior” leads increasing 
progressively as the left leg electrode was 
moved nearer to the area of the heart.” 
Thus, the exercise electrocardiogram re- 
corded by 1 group using its torso-based 
electrode placements will be different 
from that recorded by another group us- 
ing different torso electrode locations. 
This is important since recent studies have 
shown that the degree of exercise-induced 
ST-segment depression is influenced by 
R-wave amplitude!!:!?; leads with the tall- 
est R waves will be the most sensitive for 
ST-segment changes, so the sensitivity of 
different exercise electrocardiographic 
lead systems will vary. This makes com- 
parison of data from different centers dif- 
ficult. In 1938 the American Heart Asso- 
ciation and the Cardiac Society of Great 
Britain and Ireland (as the British Cardi- 
ac Society was then known) first met to 
try to standardize the electrocardiogram, 
although it was another 6 years before the 
standard 12-lead electrocardiogram final- 
ly emerged. The exercise electrocardio- 
gram remains unstandardized; we suggest 
that the time has come when it should be. 

Mark Papouchado 
Michael A. James 
Bristol, United Kingdom 
9 August 1989 
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Panic Disorder and Depression 
in Patients with Chest Pain Not 
Due to Coronary Artery Disease 


We are concerned that the article by 
Beitman et al! has substantially underes- 
timated the importance of psychiatric dis- 
orders in patients with chest pain and an- 
giographically normal coronary arteries. 
They have concluded that about 25% of 
these patients have panic disorder, 25% 
have microvascular angina, 25% have 
esophageal disorders and the remaining 
25% have chest discomfort resulting from 
a variety of other conditions. The data, in 
our opinion, argue that panic disorder and 
major depressive disorder often coexist 
with most of the other diagnoses estab- 
lished in these patients. Colgan et al? have 
reported that 59% of their patients who 
had chest pain and esophageal disorders 
with normal coronary arteries also had a 
current psychiatric disorder, most com- 
monly depression or anxiety (p <0.01). 
This association has been documented 
previously in patients undergoing esopha- 
geal motility studies.* Mitral valve pro- 
lapse has also been identified as a possible 
cause of chest discomfort in many of these 
patients.* Our own unpublished data indi- 
cate that 80% of patients with mitral valve 
prolapse undergoing cardiac catheteriza- 
tion for chest pain who were found to have 
normal coronary arteries had either major 
depressive disorder, panic disorder, or 
both (p <0.006). 

We propose that many patients with 
chest discomfort not secondary to coro- 
nary artery disease would not seek medi- 
cal attention were it not for their psychiat- 
ric disorders. Patients with panic disorder 
respond to any somatic symptom with 
anxiety and extreme concern. Patients 
with depression often complain of physi- 
cal symptoms, perhaps because of in- 
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creased irritability and somatic preoccu- 
pation.’ Thus, both psychiatric disorders 
may act to increase the likelihood that 
patients with mitral valve prolapse, esoph- 
ageal disorder and other causes of chest 
discomfort will seek help from their physi- 
cian or cardiologist. Reducing the sensi- 
tivity of cardiologists to this possibility, 
which could be the effect of the article by 
Beitman et al,! would be unfortunate. The 
identification and treatment of psychiat- 
ric disorders in patients presenting with 
angina-like complaints is likely to allevi- 
ate the patients’ reports of chest discom- 
fort and reduce the need for further diag- 
nostic testing and medical treatment. 
Robert M. Carney, PhD 
Kenneth E. Freediand, pnp 
Joseph D. Sapira, mp 
Allan S. Jaffe, mp 
St. Louis, Missouri 
24 July 1989 
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Percutaneous Balloon Mitral 
Valvotomy: Single Versus 
Double Balloon Techniques 


Kasab et al! have compared the results 
of a single balloon of 20 mm size with 2 
balloons of 18 + 20 or 20 + 20 mm size for 
mitral valvotomy and concluded that the 
double balloon technique is superior. The 
effective area of the 2 balloons used (18 + 
20 or 20 + 20 mm) will be significantly 
bigger than the area of a single 20 mm 
balloon.* Thus, their study does not test 
the efficacy of single versus double bal- 
loon technique but only shows the effect of 
a larger balloon size for more effective 
mitral valve dilatation. 

Savitri Shrivastava, mp 
New Delhi, India 
8 June 1989 
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Scanning Electron Microscopy of 
Floppy Mitral Valve 


In their article on scanning electron mi- 
croscopy of operatively excised severely 
regurgitant floppy mitral valves, Stein et 
al! stated that they have not found any 
studies of the surface microarchitecture 
of floppy mitral valves shown by scanning 
electron microscopy. Such studies have 
been carried out by Peter B. Baker, III, 
Department of Pathology, Ohio State 
University College of Medicine. Elegant 
scanning electron photomicrographs of 
both normal and floppy mitral valves were 
published in the book entitled Mitral 
Valve Prolapse and the Mitral Valve Pro- 
lapse Syndrome by Boudoulas and Woo- 
ley? from the same institution. The photo- 
graphs nicely show surface tears on a flop- 
py mitral valve that can be a source of 


platelet emboli. 
Tsung O. Cheng, mp 
Washington, DC 
9 August 1989 
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Insignificant Errors or 
Fatal Flaws 


The letter to the editor by Jordan! in the 
October 1, 1988, issue describing 2 “er- 
rors” in an article previously published in 
the Journal’ raises several disturbing 
questions. To appreciate the issues in- 
volved it is necessary to understand some 
of the background of the report and the 
controversy surrounding it. 

The manuscript was written in late 
1981 with Jordan (then a medical student 
working under the senior investigator) as 
first author and me as one of the co- 
authors. The manuscript contained many 
methodologic claims that I believed to 
represent deliberate misrepresentations of 
facts designed to make the research ap- 
pear more rigorous, thorough and accu- 
rate than it really was. Although my name 
was mercifully removed from the manu- 
script after my objections, the inaccura- 
cies remained essentially unaltered and 
the article was published in April 1983. 
Due to my concerns, an investigation by 
the National Institutes of Health was be- 
gun in mid-1982 and continued until Sep- 
tember 1987 when a final disposition was 
made. The final NIH report led to a num- 
ber of sanctions against the senior investi- 
gator, including the “recommendation” 
that a clarification of the article be issued. 
Jordan’s letter was presumably in re- 
sponse to that recommendation even 
though the senior investigator did not 
share in the authorship of the letter. 

Jordan’s letter more or less fulfilled the 
NIH’s formal “recommendation” that 
the clarification “‘should include the 


known and possible number of patients on 
p blockers prior to testing and the irregu- 
lar order of testing.” But the letter, signed 
by Jordan alone, is more notable for what 
it does not contain than for what it does 
contain. In fact, most of the information 
necessary to clarify the original article 
was absent from the “clarification.” 
There are also several statements in the 
letter that do not square with the facts as 
shown in the data books and other written 
documentation and as reported by the 
NIH. 

For example, Jordan states that drug 
withholding before exercise testing was “a 
standard rule for testing in the laborato- 
ry,” implying that the “error” in the arti- 
cle had resulted from inadvertently as- 
suming that this was true in the study 
group of patients. In fact, it was not a 
“standard rule” at all and the lack of drug 
withholding was well known. Toward the 
end of the study in question the senior 
investigator sent out a memo to referring 
physicians stating that “since the policy 
has not been formally established, many 
patients have come to the laboratory while 
still under the influence of beta-blocking 
agents.” He went on to request that refer- 
ring physicians try to discontinue them, if 
possible, before testing. 

The statement by Jordan that between 
14 and 22 of the 54 patients received pro- 
pranolol is inaccurate. Based on the data 
books plus information supplied by Cor- 
nell Medical Center to the NIH, some- 
where between 28 and 43 of the 54 pa- 
tients either had been, or might have been, 
taking one of the proscribed medications, 
most of which were 8 blockers. 

The statement by Jordan that the stud- 
ies were not alternated (as had been 
claimed in the article) because “the refer- 
ring physicians required that the clinically 
mandated exercise testing be performed 
first” is disingenuous at best. The data 
books show that alternation of patients 
tended to occur primarily during those pe- 
riods when Jordan himself was in the lab- 
oratory. During | prolonged period of his 
absence 27 of 29 patients were not alter- 
nated. 

With respect to the accuracy of the con- 
clusions of the article Jordan’s letter is 
even more unsatisfactory. There is no in- 
dication from his letter that the article’s 
validity might be in doubt as a result of 
the “unintentional errors” in the “2 state- 
ments in the Methods section” that he 
writes about. Yet the NIH report raises 
serious doubts about the reliability and 
validity of the conclusions. 

For example, the NIH report concluded 
that the lack of alternation of studies 
“may have biased the results and it inap- 
propriately enhanced the credibility of the 
report.” 

The NIH concluded that “the misstate- 
ment in the manuscript about withholding 
of drugs certainly enhanced the credibil- 
ity of the report inappropriately.” 

There is nothing in Jordan’s letter to 
suggest that the “blinding” alleged to 
have been performed during analysis of 
the imaging data might have been inade- 


quate. According to the NIH report “the 
inappropriate reference to blinded assess- 
ment inappropriately enhanced the credi- 
bility of the report.” 

In fact, the NIH report states that its 
investigation had “identified the use of 
procedures that are not adequate for cre- 
ating research records, for conducting 
blinded angiographic readings, nor for 
pursuing and documenting the clinical 
suitability of patients.” And again, “a re- 
view of these publications . . . does show a 
series of inexact and inadequate proce- 
dures.” 

There is a real need for correcting the 
scientific literature when such correction 
becomes necessary. But such a step re- 
quires commitment to the integrity of the 
literature and the courage to risk the em- 
barassment it might cause. Such commit- 
ment and courage were lacking in Jor- 
dan’s “clarification.” Similarly the senior 
investigator (as well, of course, as the oth- 
er coauthors), in declining to cosign Jor- 
dan’s letter, failed to accept responsibility 
for even the watered-down version of 
events provided by Jordan. If these kinds 
of practices are to be considered accept- 
able, such “clarifications” will serve no 
useful purpose. 

Jerome G. Jacobstein, mp 
Philadelphia, Pennsylvania 
7 June 1989 
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Left Ventricular-to-Right Atrial 
Shunt in Perimembranous 
Trabecular Ventricular Septal 
Defect with Aneurysmal 
Transformation 


We read the article by Helmcke et al! 
reporting color Doppler findings in 58 
patients with ventricular septal defect 
(VSD). According to the authors, a por- 
tion of the VSD jet moved into the right 
atrium through the septal leaflet of the 
tricuspid valve in 4 cases with perimem- 
branous inlet VSD. Associated deficient 
septal leaflet was thus suspected in these 
patients. In our experiences, the left ven- 
tricular (LV)-to-right atrial (RA) shunt 
can also be observed in patients with peri- 
membranous trabecular VSD.” 

The LV-RA shunt has been reported in 
patients with VSD following adherence of 
tricuspid valve to the septal margin, al- 
though the type of VSD was not speci- 
fied.*+ We reported the characteristic 
echocardiographic findings of perimem- 
branous trabecular VSD with a newly de- 
veloped LV-RA shunt following the aneu- 
rysmal transformation in 7 cases.* This 
was best delineated in the apical 5-cham- 
ber view. Two such patients received open 
heart surgery, in which a perimembran- 
ous VSD extending to the trabecular por- 


tion beneath the anteroseptal commissure 
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of the tricuspid valve was observed. Part 
of the anterior and the septal leaflets and 
their supporting chordae tendineae were 
found to be adhered to the septal crest, 
obliterating the interventricular commu- 
nication, but leaving an LV-RA shunt 
through the anteroseptal commissure. 
Thus we suggest that VSD with an “ac- 
quired” LV-RA shunt can occur in pa- 
tients with perimembranous trabecular 
VSD following the aneurysmal transfor- 
mation. A possibly lesser chance of spon- 
taneous closure and a higher risk of bacte- 
rial endocarditis are 2 major concerns in 
this situation. 
Mei-Hwan Wu, mp 
Taipei, Taiwan, ROC 
26 July 1989 
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Doppler Method of Assessing 
Ventricular Ejection Force 


The report by Isaaz et al' was a very 
nice combination of empirically useful 
methodology with a sound basis in New- 
ton’s second law (force = mass X accel- 
eration). It caused me to wonder why a 
similar approach to ventricular contractil- 
ity based on pressure measurement was 
never widely appreciated or applied. Mo- 
reno et al?-4 developed a method based on 
thermodynamics that required only the 
measurement of isovolumic systolic pres- 
sure of the ventricle. It did not require the 
simultaneous measurement of end-systol- 
ic pressure and volume, as does Sagawa’s 
Emax. Since Moreno’s index, frequency- 
adjusted averaged rate of power density 
(FARPD), was based on the isovolumic 
period, it was an expression of the poten- 
tial of the myocardium, regardless of pre- 
load. Unlike Vmax, which is inherently 
affected by heart rate, FARPD compen- 
sates for a wide range of heart rate, with- 
out ignoring the true contractility changes 
of the Bowditch effect. In a study of dogs 
under the effects of endotoxin shock,’ 
FARPD performed as well or better than 
Emax and ejection fraction in demon- 
strating an early and sustained depression 
of myocardial contractility, whereas 


Vmax suggested misleading improvement 
in performance with endotoxin, due en- 
tirely to the tachycardia that developed. 

Perhaps the lack of popularity reflected 
the state of medicine 10 years ago. The 
method required analog-to-digital conver- 
sion of the ventricular pressure, and an 
analysis requiring Fourier transforms, 
something that can now be done easily. 

An index such as FARPD can be used 
in a variety of situations, demonstrates 
Gaussian distribution and permits com- 
parison of subjects between institutions. 
Since it is based on a single variable, pres- 
sure, it is less subject to measurement and 
calculation errors inherent in an index 
based on 2 or more variables. 

Again, I congratulate Isaaz et al! on 
their Doppler approach to contractility, 
but would like to urge our colleagues in 
the catheter laboratories to reconsider the 
FARPD as a comparably well-founded 
and validated index of performance. 

Warren G. Guntheroth, mp 
Seattle, Washington 
17 July 1989 
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Right Ventricular Ischemia 
Diagnosed by ST-Segment 
Elevation in Precordial Leads 


Krueger et al! noted that “electrocar- 
diographic detection of right ventricular 
(RV) infarction has been well described, 
but detection of RV ischemia has not.” 
This statement is not exact. First, there 
are no electrocardiographic differential 
signs between RV infarction and RV isch- 
emia, because both can be only diagnosed 
according to ST-T changes in precordial 
leads (QRS changes in RV infarction may 
be occasionally detected in inferior 
leads).23 Differential diagnosis between 
ischemia and infarction in this situation 
should be done with additional methods, 
e.g., cardiac enzymes or nuclear imaging. 
Second, in the same patient both RV isch- 
emia and infarction detected by ST eleva- 
tion in precordial leads, especially in lead 
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V,, have been reported.* We completely 

agree with the authors that monitoring of 

lead V, during exercise testing may im- 

prove its sensitivity. We would like only to 

add that in patients with inferior wall 

acute myocardial infarction, monitoring 

of V; can improve diagnosis of RV isch- 
emia and infarction. 

Ilya A. Ovsyshycher, mp 

Amos Katz, mp 

Beer-Sheva, Israel 

5 June 1989 
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Two-Dimensional 
Echocardiography and Doppler 
Findings in Cerebral 
Arteriovenous Malformations 


Starc et al! discuss the echocardio- 
graphic and Doppler manifestations of ce- 
rebral arteriovenous malformations in 2 
infants and make special reference to the 
exclusion of coarctation of the aorta. This 
worthwhile differential diagnostic point is 
emphasized because of the physical find- 
ing of diminished leg pulses. We were 
somewhat disappointed, however, that the 
authors let the definitive diagnosis literal- 
ly slip through their fingers, only to be 
made later at angiography in the 1 case 
and at necropsy in the other. The bruit 
over the calvarium indicated the pre- 
sumptive diagnosis of cerebral arteriove- 
nous malformations; sonographic tech- 
niques are used to directly image and di- 
agnose intracerebral lesions in infants. 
We have shown that combined sonogra- 
phy and color-flow Doppler imaging of 
the brain can yield gratifying diagnostic 
images at bedside.» A common impedi- 
ment to this straightforward method of 
diagnosis is the fractionation of diagnostic 
imaging among subspecialties, a situation 
that we all must learn to circumvent in the 
case of a critically ill child. 

Rhonda M. Kessler, mD 
Kenneth M. Kessler, mp 
Miami, Florida 

1 September 1989 


1. Starc TJ, Krongrad E, Bierman FZ. Two- 
dimensional echocardiographic and Doppler 
findings in cerebral arteriovenous malforma- 
tions. Am J Cardiol 1989,;64:252-254. 

2. Kessler RM, Delulio D, Zakheim R, Alsaid 
K. Congestive heart failure in the newborn. Int 
Pediatr 1987 ;2:371-374. 
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curriculum vitae and names and addresses of 
three references, should be forwarded to Gabri- 
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e In clinical studies, Norpace (disopyramide 


phosphate) had a low incidence of aggrava- 


tion of arrhythmia among marketed agents 
tested.: 


¢ Few late-appearing side effects. Side effects 


are usually predictable and manageable.‘ 
e Low drug-related drop-out rate.’ 


e Safety profile established through 12 years 


of Norpace use. 


References: 1. Podrid PJ, Lampert S, Graboys TB, et al: 
Aggravation of arrhythmia by antiarrhythmic drugs— 
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Norpace® Capsules 
(disopyramide phosphate) 


Norpace® CR Capsules 
(disopyramide phosphate extended-release) 


Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of 
which follows: Indications: For suppression and prevention of recurrence of the following 
cardiac arrhythmias: unifocal premature (ectopic) ventricular contractions; premature 
(ectopic) ventricular contractions of multifocal origin; paired premature ventricular contrac- 
tions (couplets); and episodes of ventricular tachycardia (persistent ventricular tachycardia is 
ordinarily treated with DC-cardioversion). Norpace is equally effective in both digitalized and 
nondigitalized patients. It is also equally effective in treating primary cardiac arrhythmias and 
those which occur in association with organic heart disease including coronary artery 
disease. Norpace CR should not be used initially if rapid establishment of disopyramide 
plasma levels is desired. Oral disopyramide phosphate has not been adequately studied in 
patients with acute myocardial infarction or with persistent ventricular tachycardia or atrial 
arrhythmias and is not indicated for arrhythmias due to digitalis intoxication. The value of 
antiarrhythmic drugs in preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. Contraindications: Cardiogenic shock, preexisting 
second- or third-degree AV block (if no pacemaker is present), congenital Q-T prolongation, 
or known hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or 
worsen congestive heart failure (CHF) or produce severe hypotension as a conse- 
quence of its negative inotropic properties. Hypotension has been observed primar- 
ily with primary cardiomyopathy or inadequately compensated CHF. Norpace or 
Norpace CR should not be used in patients with uncompensated or marginally 
compensated CHF or hypotension unless the condition is secondary to cardiac 
arrhythmia. Patients with a history of heart failure may be treated with Norpace or 
Norpace CR, but careful attention must be given to maintaining cardiac function, 
including optimal digitalization. If hypotension occurs or CHF worsens, Norpace or 
Norpace CR should be discontinued and, if necessary, restarted at a lower dosage 
only after adequate cardiac compensation has been established. Norpace or 
Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsen- 
ing of the arrhythmia may occur. Patients who have evidenced prolongation of the 
Q-T interval in response to quinidine may be at particular risk. As with other Type 
1A antiarrhythmics, disopyramide has been associated with torsade de pointes. 
if Q-T prolongation greater than 25% is observed and if ectopy continues, 
the patients should be monitored closely, and discontinuation of Norpace or 
Norpace CR considered. In rare instances significant hypoglycemia has been 
reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for 
patients with life-threatening arrhythmias who are demonstrably unresponsive to 
single agent antiarrhythmic therapy. Such use may produce serious negative 
inotropic effects, or may excessively prolong conduction. Patients receiving more 
than one antiarrhythmic drug must be carefully monitored. If first-degree heart 
block develops, the dosage of Norpace or Norpace CR should be reduced. If the 
block persists, continuation of Norpace or Norpace CR must depend upon an 
assessment of benefit versus risk. Development of second- or third-degree AV 
block or uni-, bi-, or trifascicular block requires discontinuation of drug unless the 
ventricular rate is adequately controlled by a pacemaker. Because of its anticholin- 
ergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis, or urinary retention unless adequate overriding measures 
are taken. In patients with a family history of glaucoma, intraocular pressure should 
be measured before initiating Norpace or Norpace CR therapy. Precautions: Patients 
with atrial flutter or fibrillation should be digitalized prior to Norpace or Norpace CR 
administration to ensure that drug-induced enhancement of AV conduction does not allow a 
ventricular rate beyond physiologically acceptable limits. The effect of Norpace or Norpace CR 
is presently uncertain in patients with sick sinus syndrome, Wolff-Parkinson-White 
syndrome, or bundle branch block. Patients with myocarditis or other cardiomyopathy may 
develop significant hypotension in response to the usual dosage of disopyramide phosphate. 
Therefore, a loading dose of Norpace should not be given to such patients, and initial dosage 
and. subsequent dosage adjustments should be made under close supervision. Norpace 
dosage should be reduced in patients with impaired renal or hepatic function and the 
electrocardiogram carefully monitored for signs of overdosage. Norpace CR is not recom- 
mended for patients with severe renal insufficiency. Antiarrhythmic drugs may be ineffective 
in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting 
Norpace or Norpace CR therapy. Concomitant administration of disopyramide phosphate with 
phenytoin or other hepatic enzyme inducers may cause lower disopyramide plasma levels. 
Concomitant administration with other antiarrhythmics may cause excessive widening of the 
ORS complex and/or prolongation of the Q-T interval. Concomitant administration with 
quinidine resulted in slight increases in disopyramide levels and slight decreases in quinidine 
levels. Pregnancy Category C. Norpace was associated with decreased numbers of implanta- 
tion sites and decreased growth and survival of pups when administered to pregnant rats at 
250 mg/kg/day, a level at which weight gain and food consumption of dams were also 
reduced. Increased resorption rates were reported in rabbits at 60 mg/kg/day. Safe use in 
pregnancy has not been established. Disopyramide has been found in human fetal blood. 
Norpace has been reported to stimulate contractions of the pregnant uterus. Use of 
Norpace or Norpace CR in pregnant women requires that the potential benefit be weighed 
against possible hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during 
delivery or on the course of labor and delivery are unknown. Following oral administration, 
disopyramide has been found in human milk at a concentration not exceeding that in plasma. 
Because of the potential for serious adverse reactions in nursing infants from Norpace or 
Norpace CR, a decision should be made whether to discontinue nursing or discontinue the 
drug, taking into account the importance of the drug to the mother. Adverse Reactions: 
Dry mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary 
retention especially in males with benign prostatic hypertrophy, urinary frequency and 
urgency, impotence, nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise, aches/pains, hypotension, 
congestive heart failure, cardiac conduction disturbances, edema/weight gain, shortness of 
breath, syncope, chest pain, generalized rash/dermatoses, itching, hypokalemia, elevated 
cholesterol/triglycerides, depression, insomnia, dysuria, numbness/tingling, elevated liver 
enzymes, AV block, elevated BUN, elevated creatinine, decreased hemoglobin/hematocrit, 
and hypoglycemia. Acute psychosis, cholestatic jaundice, and agranulocytosis, all three 
reversible, have been reported, as have fever, respiratory difficulty, thrombocytopenia, and 
gynecomastia. Some cases of lupus erythematosus (LE) symptoms have occurred, mostly in 
patients switched from procainamide to disopyramide following the development of LE 
symptoms. Dosage and Administration: Dosage must be individualized on the basis of 
response and tolerance. The usual adult dosage is 400 to 800 mg/day given in divided 
doses: q6h for Norpace and q12h for Norpace CR. See current complete prescribing 
information for dosage recommendations. 
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Lopid® (Gemfibrozil Capsules and Tablets) 


Before prescribing, please see full prescribing information. 
A Brief Summary follows. 


CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
biliary cirrhosis. 

2. Preexisting gallbladder disease (See WARNINGS). 

3. Hypersensitivity to gemfibrozil. 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
tween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
studies may also apply to gemfibrozil. In the first of those studies, the Coronary Drug 
Project, 1000 subjects with previous myocardial infarction were treated for five years 
with clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
jects and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
developed cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ducted by the World Health Organization (WHO), 5000 subjects without known cor- 
onary heart disease were treated with clofibrate for five years and followed one year 
beyond. There was a statistically significant, 29%, higher total mortality in the clofibrate- 
treated than in a comparable placebo-treated control group. The excess mortality was 
due to a 33% increase in noncardiovascular causes, including malignancy, post- 
cholecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
subjects for gallbladder disease was confirmed. 

During the Helsinki Heart Study and in the 12 year follow-up period since the trial 
was completed, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
(2.7%) in the placebo group. Mortality from any cause during the double-blind portion 
of the study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
the more limited size of the Helsinki Heart Study, this result is not statistically- 
significantly different from the 29% excess mortality seen in the clofibrate group in the 
separate WHO study. Noncoronary heart disease related mortality showed a 58% 
greater trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 

In the Helsinki Heart Study, the incidence of total malignancies discovered during the 
trial and in the 1V2 years since the trial was completed was 39 in the Lopid group and 29 
in the placebo group (difference not statistically significant). This includes 5 basal cell 
carcinomas in the Lopid group and none in the placebo group (p=0.06; historical data 
predicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
from malignancies were not statistically 
different between Lopid and placebo sub- 
groups. Follow-up of the Helsinki Heart 
Study participants will provide further infor- 
mation on cause-specific mortality and 
cancer morbidity. 

2. A gallstone prevalence substudy of 450 
Helsinki Heart Study participants showed a 
trend toward a greater prevalence of gall- 
stones during the study within the Lopid 
treatment group (7.5% vs 4.9% for the place- 
bo group, a 55% excess for the gemfibrozil 
group). A trend toward a greater incidence 
of gallbladder surgery was observed for the 
Lopid group (17 vs 11 subjects, a 54% ex- 
cess). This result did not differ statistically 
from the increased incidence of cholecystectomy observed in the WHO study in the 
group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
excretion into the bile leading to cholelithiasis. If cholelithiasis is suspected, gallbladder 
studies are indicated. Lopid therapy should be discontinued if gallstones are found. 

3. Since a reduction of mortality from coronary artery disease has not been 
demonstrated and because liver and interstitial cell testicular tumors were increased in 
rats, Lopid should be administered only to those patients described in the INDICATIONS 
AND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
be discontinued. 

4. Concomitant Anticoagulants — Caution should be exercised when anticoagulants 
are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 
to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 
that the prothrombin level has stabilized. 

5. Concomitant therapy with Lopid and Mevacor® (lovastatin) has been associated with 
rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 
leading in a high proportion of cases to acute renal failure. In most subjects who have 
had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
rhabdomyolysis, and acute renal failure (See Drug Interactions). The use of fibrates 
alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness should have prompt 
medical evaluation for myositis, including serum creatine kinase level determination. If 
myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 

6. Cataracts — Subcapsular bilateral cataracts occurred in 10%, and unilateral in 6.3% 
of male rats treated with gemfibrozil at 10 times the human dose 
PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
tempt should be made to control serum lipids with appropriate diet, exercise, weight loss 
in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 

2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 

3. Drug Interactions — (A) Lovastatin: Rhabdomyolysis has occurred with combined 
gemfibrozil and lovastatin therapy. It may be seen as early as 3 weeks after initiation of 
combined therapy or after several months. In most subjects who have had an unsatisfac- 
tory lipid response to either drug alone, the possible benefit of combined therapy with 
lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 
domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 
creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 

(B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 
COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 
have been conducted in rats and mice at one and ten times the human dose. The inci- 
dence of benign liver nodules and liver carcinomas was significantly increased in high 
dose male rats. The incidence of liver carcinomas increased also in low dose males, 
but this increase was not statistically significant (p=0.1). In high dose female rats, there 
was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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from controls in the incidence of liver tumors, but the doses tested were lower than thos 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig cel 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 week 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that thi 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm tc 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observe! 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic i 
male and female rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrombocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva 
tions of AST (SGOT), ALT (SGPT), LDH, bili- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function 
studies are recommended and Lopid therap 
should be terminated if abnormalities persis 

9. Use in Children — Safety and efficacy ir 
children have not been established. 
ADVERSE REACTIONS. In the double-blin 
controlled phase of the Helsinki Heart Study, 
2046 patients received Lopid for up to 5 years 
In that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in parer 
theses): gastrointestinal reactions, 34.2% 
(23.8%); dyspepsia, 19.6% (119%); abdominal pain, 9.8% (5.6%); acute appendicitis 
(histologically confirmed in most cases where data are available), 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.1%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%); 
fatigue, 3.8% (3.5%); nausea/vomiting, 2.5% (2.1%); eczema, 1.9% (1.2%); rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%); constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Gallbladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) wer 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Central 
Nervous System: dizziness, somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision; Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT)), increased alkaline phosphatase 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; /m- 
munologic: angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. 

CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss; Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: confu- 
sion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility; 
Clinical Laboratory: positive antinuclear antibody; Hematopoietic: thrombocytopenia; 
Immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; /ntegumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion trial with gemfibrozil in middle-aged men with dyslipidemia. N Engl J Med 
1987;317:1237-1245. 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial lipoprotein lipase deficiency and related disorders of 
chylomicron metabolism. In Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, 5th ed., McGraw-Hill, 1983, Chap. 30, pp. 622-642. 
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Whats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,! and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 
in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)? 


A powerful case for 
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gemfibrozil) shies 
RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type llb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile ac id sequestrants 
and nicotinic acid. 


‘Defined as a combination of definite coronary death and/or definite myocardial infarction. 
References: 1. Goldstein IL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. |. Lipid levels in 500 Survivors of myocardial 


infarction. | Clin Invest. 1973:52:1533-1543. 2. Assmann G, Schulte H. PROCAM- Trial: Prospective Cardiovascular Minster Trial. Zurich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis 
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